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Epikeratoplasty With Nonlyophilized Tissue in Children 
With Aphakia 


David M. Armesto, M.D., Andy M. Lee, B.A., Thomas C. Prager, Ph.D., 
Claire B. Goosey, M.S., and John D. Goosey, M.D. 


We studied 75 epikeratoplasty procedures 
using nonlyophilized tissue performed by 
eight ophthalmic surgeons in 70 eyes (47 pa- 
tients) to correct for aphakia in children less 
than 8 years of age (mean age, 3.4 + 2.1 years). 
Of the 47 patients in the study, 24 were girls 
and 23 were boys; 23 patients had bilateral 
surgery. Seven of the epigrafts required re- 
moval; two were not replaced, and five under- 
went successful repeat epikeratoplasty. Over- 
all, the success rate (that is, the percentage of 
epigrafts that remained optically and func- 
tionally clear throughout the course of this 
study) for the epikeratoplasty procedure was 
89% (62 of 70 eyes) for initial surgery and 96% 
(67 of 70 eyes) for repeat surgery. The average 
spherical equivalent was +14.4 + 3.7 diopters 
preoperatively and +0.3 + 2.9 diopters one 
year after the operation. One year after the 
final surgical procedure, 42 of 56 eyes (75%) 
were within 3 diopters of emmetropia. In the 
29 verbal patients, best-corrected visual acu- 
ity was 20/100 or better in 25 (86.2%) one year 
after the operation. 


Tu visual REHABILITATION of children with 
aphakia remains one of the most challenging 
clinical problems in ophthalmology. Without 
accurate optical correction and diligent ambly- 
opic therapy, the prognosis for good visual 
acuity is extremely poor. The alternatives for 
aphakic correction include spectacles, contact 
lenses, intraocular lenses, and epikeratoplasty.' 
Although spectacles are useful for children 
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with bilateral aphakia, they are rarely success- 
ful in patients with unilateral aphakia because 
of the associated anisometropia and aniseiko- 
nia. Contact lenses provide a superior optical 
solution for correcting aphakia in children, and 
compliance with contact lenses is usually good 
during the first 12 to 18 months of life. After 
this time period, problems with compliance 
usually begin as the child becomes more active 
and can dislodge the contact lens. This may 
lead to unknown time periods of visual depri- 
vation, which increase the likelihood of ambly- 
opia. After multiple contact lenses are lost, 
even the most dedicated parents can become 
frustrated with the treatment guidelines neces- 
sary to prevent amblyopia. 

Before epikeratoplasty, children who were 
spectacle- and contact lens—intolerant were left 
with the option of an intraocular lens implanta- 
tion. Secondary intraocular lens implantation 
may provide rapid visual rehabilitation,” but 
this procedure is also associated with numerous 
serious complications, including infectious en- 
dophthalmitis, persistent uveitis-glaucoma- 
hyphema syndrome, retinal detachment, and 
corneal edema.** In contrast, epikeratoplasty 
has been shown to be a safe and effective 
treatment for aphakia in children.” 

The rapid restoration of refractive error and 
media clarity are critical components to the 
successful rehabilitation of aphakia in children. 
The nationwide study of epikeratoplasty for 
aphakia in children?’ reported the results of 97 
surgeons who performed a total of 335 pro- 
cedures. The accuracy of the procedure was 
analyzed in 151 patients and disclosed that 
73% were within 3 diopters of emmetropia 
postoperatively.” Other studies on epikerato- 
plasty have reported the results of epikerato- 
plasty with corneal tissue that has been lyoph- 
ilized. It has been noted that one of the major 
clinical complications after epikeratoplasty is 
related to problems of reepithelialization of the 
graft surface. It has been suggested that present 
methods of tissue preparation may be deleteri- 
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ous to the structure of the lenticule and there- 
fore compromise reepithelialization.'’' We ex- 
amined the efficacy of epikeratoplasty using 
nonlyophilized corneal tissue in children with 
aphakia as it relates to graft survival and refrac- 
tive results. 


Patients and Methods 


Between Sept. 10, 1984, and March 14, 1990, 
70 eyes underwent epikeratoplasty for the cor- 
rection of surgical aphakia. All patients were at 
least 13 months of age, had no corneal scarring, 
and were intolerant of contact lenses and spec- 
tacles. No children had additional procedures 
other than epikeratoplasty. Of the 47 patients, 
32 (68%) had congenital cataracts, eight (17%) 
had developmental cataracts, and seven (15%) 
had traumatic cataracts. Twenty-three children 
had bilateral surgery. The average age of the 
study population was 3.4 + 2.1 years (range, 1 
to 7 years) and consisted of 23 boys and 24 girls. 
Tissue lenses were removed from eight eyes, 
and five of these underwent repeat epikerato- 
plasty. Of the total 75 procedures performed, 
57 patients (76%) have had more than 12 
months of postoperative follow-up. 

The epikeratoplasty procedure involves 
freezing a donor cornea and lathing it to the 
appropriate optical correction based on the 
patient’s preoperative keratometry measure- 
ments and refractive error. After the lens is 
cryolathed, it can either be stored in a wet 
nonfrozen state (McCarey-Kaufman medium or 
moist pack) or lyophilized. This prelathed piece 
of human corneal tissue (lenticule) is then 
placed onto the surface of the patient’s cornea 
and sutured into place. The lenticule is gradual- 
ly repopulated with the host keratocytes and 
becomes a living contact lens,’ which decreas- 
es the anterior radius of curvature of the pa- 
tient’s eye and thereby corrects the aphakic 
refractive error. 

In our technique, we eliminated the lyophili- 
zation process in tissue preparation. Human 
corneal tissue was initially processed in a cor- 
neal press to restore the tissue to a uniform 
hydration state. The tissue was then frozen and 
lathed on a Barraquer cryolathe to form a plus- 
power lenticule. The desired lenticule power 
was calculated using the patient’s preoperative 
refractive error and keratometry measure- 
ments. The central thickness of the lenticule 
varied depending on refractive power. The 


overall lenticule diameter was always 9.0 mm. 
The lenticule was stored in McCarey-Kaufman 
medium for no longer than 72 hours before 
surgery. 

The surgical technique consisted of mechani- 
cal débridement of the central 9.0 to 10.0 mm of 
the recipient corneal epithelium. If the epitheli- 
um was too difficult to remove, alcohol- or 
cocaine-soaked cellulose sponges were used to 
loosen the epithelium. Epithelial débridement 
was followed by trephination with a 7.0-mm, 
single-blade, Hessburg-Barron vacuum tre- 
phine to a depth of approximately 0.25 mm. 
The diameter of the trephine was 2.0 mm small- 
er than the diameter of the lenticule. A periph- 
eral lamellar pocket was created 2.0 mm from 
the outer aspect of the trephination, which 
extended 360 degrees. The lenticule was su- 
tured onto the patient’s cornea with multiple 
interrupted 10-0 nylon sutures. After 16 su- 
tures were placed, the wing of the lenticule was 
tucked into the previously prepared lamellar 
bed. The suture knots were rotated beneath the 
host side of the incision. A subtenon’s injection 
of 40 mg of gentamicin sulfate was given. Atro- 
pine 1% eyedrops and gentamicin sulfate eye- 
drops were then added. The eye was closed 
with a cotton patch, and a protective shield was 
placed over the operated on eye. Postopera- 
tively the children were examined daily until 
epithelialization was complete. Once the graft 
was epithelialized, pressure patching was dis- 
continued and topical antibiotics were given 
three times per day for ten days. Suture removal 
was performed two to four weeks postopera- 
tively, under general anesthesia in most cases. 


Results 


To assess the effectiveness of epikeratoplasty 
in the visual rehabilitation of pediatric patients 
who have aphakia, data were analyzed on Allen 
or Snellen visual acuity (when obtainable) and 
spherical equivalents obtained at one, two, 
three, four, six, 12, and 24 months postopera- 
tively. Graft survival was also included as a 
means of evaluating the success of the proce- 
dure. Graft survival is defined as those grafts 
that remained clear throughout the course of 
the study and provided functional refractive 
results. 

Of the 47 patients, 15 (32%) were preverbal, 
which limited assessment of visual acuity. 
However, visual acuity was measured on 32 of 
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TABLE 1 
CORRECTED VISUAL ACUITY 


0 1 
(N = 21) (N = 13) 
NO. % NO. % 
20/10-20/20 0 (0) 0 (0) 
20/25-20/40 5 (23.8) 2 (15.4) 
20/50-20/100 13 (61.9) 8 (61.5) 
>20/100 3 (14.3) 3 (23.1) 


47 patients (68%). Table 1 lists four categories 
of corrected visual acuity, 20/10 to 20/20, 
20/25 to 20/40, 20/50 to 20/100, and 20/200 
or worse, at different time points throughout 
the course of the study. At 12 months postoper- 
atively, ten of 29 patients (34.5%) had visual 
acuity of 20/40 or better with correction, and 
25 of 29 patients (86%) had visual acuity of 
20/100 or better with correction. Only 12 eyes 
had visual acuity recorded both preoperatively 
as well as 12 months postoperatively, which 
made a complete analysis of visual acuity lost 
or gained over a one-year period limited. After 
one year, nine of these 12 eyes (75%) were 
within one line of their best-corrected preoper- 
ative visual acuity. The remaining three eyes 
lost two lines of visual acuity related to amblyo- 
pia. 

Table 2 summarizes the number of eyes in 
four uncorrected visual acuity categories: 20/ 
10 to 20/20; 20/25 to 20/40; 20/50 to 20/100; 
and 20/200 or worse. One year postopera- 
tively, 28 of 29 eyes (97%) demonstrated im- 
proved uncorrected visual acuity. Two eyes 
(7%) had uncorrected visual acuity of 20/40 or 
better, and 20 (69%) had uncorrected visual 
acuity of 20/100 or better. This did not vary 
significantly at different time points in the 
study. 

The mean and standard deviation for spheri- 
cal equivalents both preoperatively and postop- 
eratively are summarized in Table 3. The aver- 
age preoperative spherical equivalent was 
+14.4 diopters (standard deviation, 3.7) in 68 
patients. The mean spherical equivalent after 
one year was +0.26 diopters (standard devia- 
tion, 2.9) in 56 eyes, whereas at two years, the 
mean spherical equivalent was —0.19 diopters 
(standard deviation, 2.8) in 22 eyes. A multiple 
linear regression analysis over the one-year 
period did not demonstrate a significant pro- 


15 (88.2) 


MONTHS POSTOPERATIVE 





6 12 24 
(N = 17) (N = 26) (N = 29) (N = 15) 
NO. % NO. % NO. % NO. % 
1 (5.9) 0 (0) 0 (0) 0 (0) 
0 (0) 6 (23.1) 10 (34.5) 4 (26.7) 
17 (65.4) 15 (51.7) 9 (60.0) 
1 (5.9) 3 (11.5) 4 (13.8) 2 (13.3) 


gression toward myopia (r = .15, F = 2.24, P = 
.14). Table 4 shows data on the 16 patients who 
were available from preoperatively to 24 
months postoperatively. A trend toward myo- 
pia with time was demonstrated. However, a 
multiple linear regression analysis over this 
two-year period again failed to demonstrate a 
significant linear regression of effect (r = .25, F 
= 3.15, P = .08). 

At six months postoperatively, 43 of 52 eyes 
(83%) were within 3 diopters of emmetropia, 
and at 12 months, 42 of 56 eyes (75%) were 
within 3 diopters of emmetropia. 

Twenty-three patients underwent bilateral 
epikeratoplasty; however, complete data were 
available on only 21 of these patients. Table 5 
lists the spherical equivalents for 21 pairs of 
eyes. Of the 23 bilateral procedures, 22 (95%) 
had a refractive difference between the eyes of 3 
diopters or less. 

Seven corneal grafts were removed. Of these, 
five (71%) were removed because of epithelium 
in the interface. One graft had only minimal 
epithelial cysts in the interface but was re- 
moved because of overcorrection. Five of these 
grafts were replaced successfully. Two other 


TABLE 2 
UNCORRECTED VISUAL ACUITY 


MONTHS POSTOPERATIVE 


1 3 6 12 24 
(N =23) (N=23) (N=25) (N=29) (N= 15) 


NO. % NO. % NO. % NO. % NO. % 


20/10-20/20 0 (0) 0 (0) 0(0) 0(0)  0(0) 

20/25-20/40 1(4.3) 1(4.3) 2(8.0) 2(6.9) 3(20) 
20/50-20/100 12 (52.2) 17 (73.9) 17 (68) 18 (62.1) 8 (53) 
>20/100 10 (43.5) 5 (21.7) 6(24) 9(31) 4(27) 
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TABLE 3 
SPHERICAL EQUIVALENTS (DIOPTERS) 


ew  ———— 


MONTHS POSTOPERATIVE 


0 1 3 6 12 24 
(N = 68) (N = 41) (N = 46) (N = 52) (N = 56) (N = 22) 
Mean 14.36 1.4 95 .87 .26 —.19 
Standard deviation 3.72 1.95 2.56 2.39 2.85 2.80 
Median 13.75 1.5 .63 1.00 .00 .30 
Range 6.50-24.75 —2.00-6.00 —5.00-7.50 —3.50-7.75 —5.50-7.50 —6.00-5.00 





grafts were removed as a result of nonhealing 
epithelial defects. Neither of these grafts were 
replaced. Excluding those patients in whom the 
epithelium failed to heal, the average reepithe- 
lialization time was 3.8 + 1.8 days. Visual 
acuity data were not available for grafts that 
were removed without replacement. None of 
these patients required further corneal surgery, 
such as a corneal transplant after removal of the 
epigraft, and there were no cases of damage to 
the underlying corneal host bed. 


Discussion 


The greatest shortcoming of the study is in- 
complete data collection with regard to visual 
acuity. Although 32 patients were verbal by the 
conclusion of the study, preoperative and post- 
operative visual acuity analysis, either with 
Snellen or Allen figures, was possible with only 
12 eyes. Additionally, not all refractive data 
were collected for all postoperative time points, 
which limited somewhat the assessment of this 
factor. 

It has been noted that epikeratoplasty proce- 
dures performed on children younger than 1 
year of age show significant changes in refrac- 
tive error with time and have unpredictable 
results.°!"® For this reason, no children young- 


er than 1 year of age were candidates for this 
procedure. Our series demonstrates a stable 
refractive result over both a one- and two-year 
period, without significant progression toward 
myopia. The predictive ability of this procedure 
is best demonstrated in Table 5, which summa- 
rizes the refractive errors of each eye in those 
cases where bilateral surgery was performed. 
Of these 23 patients, 22 (95%) had 3 diopters or 
less of anisometropia, which reflects not only 
the accuracy of this procedure but also the 
desired capability that epikeratoplasty pro- 
vides for the successful treatment of amblyopia. 
The accuracy of the procedure is further dem- 
onstrated in that 43 of 52 eyes (83%) were 
within 3 diopters of emmetropia at six months 
and 42 of 56 (75%) at 12 months. This does not 
compare as favorably with one other report, in 
which 55 of 57 eyes studied (97%) were within 
3 diopters of emmetropia,” but is better than 
other studies.’ 

None of our patients were noted to have 
visual acuity loss of greater than two Snellen 
lines from preoperative measurements. Of the 
three patients in whom two lines were lost, two 
had unilateral aphakia and further develop- 
ment of amblyopia based on poor compliance 
with occlusion therapy. The other patient, with 
bilateral aphakia, had best-corrected preopera- 
tive visual acuity of R.E.: 20/400 and L.E.: 
20/80. He underwent epikeratoplasty first in 


TABLE 4 
SPHERICAL EQUIVALENTS (DIOPTERS) OF 16 PATIENTS HAVING DATA AT ALL POSTOPERATIVE TIME POINTS 


MONTHS POSTOPERATIVE 





0 1 3 6 9 12 24 
Mean 13.86 1.90 1.30 2.04 1.42 .87 .16 
Standard deviation 2.57 2.65 3.10 3.12 3.00 2.67 2.96 
Median 13.00 2.00 38 2.25 2.5 1.38 1.00 
Range 10.25-18.50 —3.25-6.00 —3.38-7.50 —3.75-7.50 —4.38-4.00 —3.75-5.25 —6.0-5.0 
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TABLE 5 
COMPARISON OF REFRACTION IN BILATERAL CASES 


CASE NO. R.E. EE, ANISOMETROPIA 
1 —2.25 0.00 2.25 
2 =0:12 1 25 1.13 
3 —3.50 —3.50 0.00 
4 1.25 0.75 0.50 
5 1.75 1.50 0.25 
6 3.00 3.00 0.00 
7 3.00 —0.75 3.75 
8 —0.50 —0.50 0.00 
9 —1.50 1.25 2.75 

10 1.00 0.00 1.00 
11 3.25 2.00 1.25 
12 —3.00 —1.00 2.00 
13 5.25 4.50 0.75 
14 —3.00 —3.50 0.50 
15 0.75 1.00 0.25 
16 3.62 5.25 1.63 
17 —3.00 —3.00 0.00 
18 —1.00 -0.75 0.25 
19 7.50 7.50 0.00 
20 0.00 —0.25 0.25 
21 0.25 —0.13 0.38 


the right eye, followed by epikeratoplasty to the 
left eye one month later. At 12 months after the 
second procedure, visual acuity was R.E.: 20/ 
50 and L.E.: 20/200. The refractive error was 
—3.50 sphere in each eye. This further supports 
the important application that epikeratoplasty 
may have in the reversal of amblyopia based on 
its potential to provide excellent optical imag- 
ing to the visual cortex. 

Graft survival and clarity are paramount to 
any other measure of success with epikerato- 
plasty. Since 1984, preparation of tissue for 
epikeratoplasty has typically involved lyophili- 
zation for storage and transportation. Binder 
and associates” in examining factory-prepared 
lenticules noted abnormalities in Bowman’s 
membrane and in the structural integrity of the 
stromal matrix that were not noted in tissue 
stored in McCarey-Kaufman medium for two to 
four days or in corneas that were frozen. Bind- 
er” later suggested that the technique of freez- 
ing and lathing was not solely responsible for 
the deleterious effect toward a rapid and per- 
manent reepithelialization process. Indeed, the 
most commonly reported clinical problem re- 
quiring graft removal has been complications 
related to reepithelialization of the lenticule 
surface, ranging in occurrence from 38% to 


45%. In two other studies using similar 
techniques,”’* however, no graft failures were 
reported. This might suggest that factors other 
than tissue preparation may be causative, such 
as eye rubbing by the child with resultant 
epithelial defects and infections. One of these 
studies,” however, reported on only a small 
patient population, whereas the other study" 
examined children in an older age group. 

In our series, seven graft failures occurred. 
The most common cause for graft failure was 
epithelium in the interface. Subsequent to this 
study, we have found that meticulous removal 
of epithelium is imperative to avoid this com- 
plication. Additionally, we have taken an extra 
measure to clean carefully the suture knot with 
an alcohol-soaked cellulose sponge before bur- 
ying it. Care must be taken to use only a 
minimal amount of alcohol in this step, because 
this may lead to poor epithelial healing. 

Only two cases of persistent epithelial defects 
were seen. There were no cases of graft melt. In 
one of these cases, the child had significant 
lagophthalmos and had difficulty using oint- 
ments. We did not replace the graft because of 
the high risk of poor epithelialization and pos- 
sible repeat failure. In the other case, repeat 
grafting was not done because of lack of paren- 
tal consent and the likelihood that good postop- 
erative care would not be rendered. Of the five 
grafts that were replaced, all had a successful 
postoperative outcome. Overall, epikerato- 
plasty was successful in 62 of 70 eyes (89%) 
with initial surgery and in 67 of 70 eyes (96%) 
with repeat surgery. 

Only two of seven graft failures (28%) result- 
ed from poor epithelialization, which suggests 
that nonlyophilized tissue may provide a better 
outcome of success in graft survival. Other 
factors may be responsible, however, and only a 
comparative study of lyophilized and nonly- 
ophilized tissue could reasonably answer this 
question. Although not quantifiable, it was the 
uniform impression of those surgeons who had 
the opportunity to work with both lyophilized 
and nonlyophilized tissue that the nonlyophi- 
lized tissue cleared much more quickly. We 
believe that this finding is of importance in 
children with aphakia whose critical period for 
the development of fixation is of limited dura- 
tion. Not only does this procedure appear to 
provide for rapid clearing of media within the 
optical imaging system, but it allows maximally 
focused images to be projected onto the retina 
during the critical period of fixation develop- 
ment. 
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Although a favorable success rate was noted, 
the challenge of amblyopia therapy remains. 
Our findings confirm that epikeratoplasty pro- 
vides an appropriate and excellent means by 
which to correct the optical error induced by 
surgical aphakia in children. Having achieved 
this, the management of the residual amblyopia 
is greatly simplified. Moreover, for those pa- 
tients who are contact lens—intolerant, epiker- 
atoplasty should be undertaken without delay 
to prevent permanent visual loss secondary to 
amblyopia. 
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Neuro-Imaging and Positron Emission Tomography of 


Congenital Homonymous Hemianopsia 
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Robert Harbour, M.D., Robert Zimmerman, M.D., Peter J. Savino, M.D., 
Robert C. Sergott, M.D., Abass Alavi, M.D., and Martin Reivich, M.D. 


Congenital homonymous hemianopsia is an 
uncommon asymptomatic visual field defect 
discovered typically in young adult life that is 
caused by a diverse group of insults to the 
retrochiasmal afferent visual system occur- 
ring prenatally, at birth, or during early child- 
hood. We treated eight patients with congeni- 
tal homonymous hemianopsia; seven with 
damage involving the optic radiations and one 
with an abnormality of the optic tract. We 
performed positron emission tomography 
using 'F-fluoro-2-deoxyglucose on two pa- 
tients with dense homonymous hemianop- 
sias, lesions of the contralateral optic radia- 
tions, and largely intact occipital cortex. 
These studies showed minimal abnormalities 
in resting visual cortex glucose metabolism of 
the affected visual cortex. 


In 1976, Bajandas, McBeath, and Smith’ re- 
viewed the syndrome of congenital homony- 
mous hemianopsia”® and described eight pa- 
tients without severe neurologic signs or 
symptoms who had essentially asymptomatic 
homonymous visual field defects discovered by 
chance during childhood or young adult life. 
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These patients were examined before the wide- 
spread availability of computed tomography, 
magnetic resonance imaging, or positron emis- 
sion tomography. 

We treated eight patients with congenital 
homonymous hemianopsia examined with 
neuro-ophthalmic testing, visual field testing, 
and computed tomography. Three patients 
with normal computed tomographic scans were 
also studied with magnetic resonance imaging, 
and cerebral glucose metabolism was measured 
by positron emission tomography using “F- 
fluoro-2-deoxyglucose in two patients. The 
purposes of this study were to evaluate with 
computed tomography and magnetic resonance 
imaging the spectrum of anatomic lesions caus- 
ing congenital homonymous hemianopsia and 
to estimate visual cortex metabolism in patients 
with largely intact primary visual cortex that 
has presumably been inactive since early child- 
hood. 


Patients and Methods 


We studied eight patients (five males and 
three females ranging in age from 14 to 55 
years; mean age, 35.5 years) who had asympto- 
matic homonymous visual field defects discov- 
ered by chance during childhood or young 
adult life. The patients were examined in neu- 
ro-ophthalmologic practices at Wills Eye Hos- 
pital, Temple University Hospital, and the Med- 
ical College of Georgia between 1983 and 1988. 
The patient in Case 3 has been previously 
described.’ These individuals were unaware 
that their vision was different, although in 
retrospect they often realized that they had 
more difficulty with sports or other visually 
guided activities. Patients were excluded from 
consideration if they were older than 40 years 
at the time visual loss was discovered or if they 
had a history of significant head trauma after 
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the age of 3 years, an acquired neurologic or 
ophthalmologic disease that might cause visual 
field loss, or a memory of visual field loss at any 
time. 

A complete neuro-ophthalmic examination, 
Goldmann kinetic perimetry, and computed 
tomography were performed on each patient. 
Four patients had static visual perimetry, and 
three had magnetic resonance imaging per- 
formed on 1.5-T units. All computed tomo- 
graphic and magnetic resonance imaging scans 
were reviewed by one of us (R.Z.). 

Positron emission tomography was per- 
formed on two patients (Cases 1 and 2), each of 
whom had a complete left homonymous hemi- 
anopsia, right optic radiation damage on mag- 
netic resonance imaging, and minimal anatom- 
ic changes in the occipital cortex on computed 
tomography and magnetic resonance imaging. 
The eyes were closed throughout the examina- 
tion period beginning ten minutes before injec- 
tion of 6 to 8 mCi of *F-fluoro-2-deoxyglucose. 
Each patient was then positioned with the head 
20 degrees hyperextended from the orbi- 
tomeatal line in a modified version of the posi- 
tron emission tomography scanner (PETT V)’ 
Data collection began 40 minutes after isotope 
injection, and brain images of local cerebral 
metabolic rates for glucose were obtained using 
the Phelps and associates* modification of the 
method of Reivich and associates.” Positron 
emission tomography was repeated on the pa- 
tient in Case 1 after full visual field stimulation 
with a checkerboard pattern alternating at 5 Hz 
for 20 minutes before isotope injection and 
continuing for 60 minutes until the initiation of 
scanning. 

Seven male volunteers aged 20 to 31 years 
were studied with positron emission tomogra- 
phy with eyes closed in a fashion identical to 
patients with congenital homonymous hemi- 
anopsia. These individuals had no neuro-oph- 
thalmic complaints, visual acuity was 20/30 or 
better in each eye, and results of neurologic 
examinations were entirely normal. All pa- 
tients and control subjects gave informed con- 
sent, and all procedures were approved by the 
Committee for Studies Involving Human Be- 
ings of the University of Pennsylvania. 

Previous reports have described the 
characteristics of the positron emission tomog- 
raphy system, the data collection protocol, ®™ 
and the method used to derive global and re- 
gional cerebral metabolic rates for glucose.” 
Metabolic regions of interest were placed by a 
computerized overlay system based on normal 
human anatomy as described previously.” 


To reduce individual variability, the Lateral- 
ity Index was calculated as described previous- 
ly'‘ to compare metabolic rates in regions of the 
right cerebral hemisphere to homologous re- 
gions of the left hemisphere. Because of statisti- 
cal limitations caused by the small number of 
patients, only four lobes and four regions of 
visual cortex were selected from each hemi- 
sphere for statistical evaluation by single sam- 
ple t-test applying the Bonferroni correction for 
multiple tests. These regions were the frontal 
lobe, parietal lobe, temporal lobe, occipital 
lobe, anterior calcarine cortex, posterior calca- 
rine cortex, peristriate cortex (Brodman’s re- 
gions 18 and 19), and lateral occipital cortex 
(visual association cortex). 


Results 


The patient in Case 3 was born by forceps 
delivery, and the patients in Cases 5 and 8 had 
birth anoxia. The other five patients had no 
history of abnormal pregnancy, difficult deliv- 
ery, or neurologic injury in the first years of life. 
No patient had epilepsy, mental retardation, 
psychosis, or other cognitive disturbances. 

Table 1 shows pertinent portions of the 
neuro-ophthalmic examination. Visual acuity 
was better than 20/30 in at least one eye of all 
patients. Three patients had mildly decreased 
visual acuity in one eye caused by amblyopia 
associated with an exotropia. Five patients had 
right and three had left homonymous visual 
field defects. Six patients had complete homon- 
ymous hemianopsias, whereas two patients 
had incomplete hemianopsias. 

Table 2 describes the results of computed 
tomographic and magnetic resonance imaging 
scans. All eight patients had computed tomo- 
graphic scans, and the area of damage to the 
posterior afferent visual system was obvious in 
five patients (Cases 4 through 8). Computed 
tomographic scans appeared normal in three 
patients. One patient (Case 1) had magnetic 
resonance imaging evidence of damage to the 
optic radiations near the occipital horn of the 
right lateral ventricle. Another patient (Case 2) 
had a similar anatomic abnormality that also 
included the anterior occipital and posterior 
temporal lobes on the right (Fig. 1). One patient 
(Case 3) had a hypoplastic right optic tract on 
magnetic resonance imaging (Fig. 2). 

Table 3 shows glucose metabolism in eight 
regions of interest of two patients (Cases 1 and 
2) compared to seven control subjects. Cerebral 
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TABLE 1 
RESULTS OF CLINICAL EXAMINATION IN EIGHT PATIENTS 
VISUAL ACUITY NEUROLOGIC 
CASE NO., — EXTRAOCULAR SIGNS AND 
AGE (yrs), SEX R.E. L.E. VISUAL FIELD OPTIC DISK MOTILITY SYMPTOMS 
1, 3, F 20/20 20/20 Complete left homonymous Slight palor in Normal Normal 
hemianopsia both eyes 
2, 46, F 20/25 20/20 Complete left homonymous Hemioptic hypo- Exotropia Migraine 
hemianopsia plasia, L.E. 
3, 55, M 20/40 20/20 Complete left homonymous Hemioptic hypo- Exotropia, congeni- Sleep 
hemianopsia plasia, L.E. tal nystagmus apnea 
4,49,M 20/25 20/15 Incomplete right homony- Normal Normal Trochlear nerve 
mous hemianopsia palsy 
6, 19, F 20/25 20/25 Complete right homonymous Hemioptic hypo- Normal Normal 
hemianopsia plasia, R.E. 
6, 14, M 20/50 20/25 Complete right homonymous Hemioptic hypo- Exotropia, congeni- Normal 
hemianopsia plasia, R.E. tal nystagmus 
7,21,M 20/20 20/20 Complete right homonymous Hemioptic hypo- Normal Normal 
hemianopsia plasia, R.E. 
8, 29, M 20/30 20/30 Incomplete right homony- Hemioptic hypo- Esotropia, congeni- Cerebral 
mous hemianopsia plasia, R.E. tal nystagmus palsy 


S 


glucose metabolism fell within the normal 
range in all four lobes of both hemispheres, 
including the right occipital lobes of these pa- 
tients with left homonymous visual field loss. 
Peristriate cortex laterality index in one patient 
(Case 1) was increased significantly, which im- 
plied relatively decreased glucose uptake in 
Brodmann’s regions 18 and 19 in the right 
hemisphere of this patient with a left homony- 


mous field defect. Laterality index of the ante- 
rior calcarine cortex in the other patient (Case 
2) was also significantly increased in a fashion 
appropriate for the mild damage on magnetic 
resonance imaging involving the right anterior 
occipital cortex. 

In the patient in Case 1, posterior calcarine 
cortex laterality index without visual stimula- 
tion was 7.3%, which did not differ significant- 


TABLE 2 
RESULTS OF NEURO-IMAGING IN EIGHT PATIENTS 


a aaIaIIIIIlIIIIIIIaIaaaaaaaaaaasssseelltlllltllllllllllllllMllMMlMlMlÃi 


STUDY 
MAGNETIC 
CASE COMPUTED RESONANCE BRAIN 
NO. TOMOGRAPHY IMAGING AREA RESULT 
1 Yes Yes Visual Damage to right optic radiations near occipital horn of lateral ventricle 
Other Slightly increased sulci 
2 Yes Yes Visual Dilated right occipital horn, damage to medial occipital and temporal 
lobes 
Other Normal 
3 Yes Yes Visual Absent right optic tract 
Other Normal 
4 Yes No Visual Damage extending from left occipital horn to anterior occipital lobe 
Other Slightly increased sulci 
5 Yes No Visual Damage extending from left occipital horn to anterior occipital lobe 
Other Slightly thickened bone of left occiput 
6 Yes No Visual Left occipital porencephaly 
Other Slight atrophy entire left cerebral hemisphere 
7 Yes No Visual Left temporal arachnoid cyst involving optic radiations 
Other Left temporal arachnoid cyst 
8 Yes No Visual Left occipital-porencephaly, right occipital-parietal watershed injury 
Other Increased sulci, atrophic right caudate 


a 
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Fig. 1 (Bosley and associates) Case 2. T,-weighted 
magnetic resonance image with an area of damage 
compatible with ischemia causing a bright signal 
involving the periventricular optic radiations, ante- 
rior occipital lobe, and posterior temporal lobe on the 
right. The patient's right is on the left of the figure. 


ly from control subjects. The left posterior cal- 
carine cortex was metabolically activated with 
whole field checkerboard visual stimulation, 
which increased the metabolic asymmetry to a 
laterality index of 14.0%. 


Discussion 


Congenital homonymous hemianopsia’” may 
be an unnecessarily restrictive term because 
three of our patients had a history of birth 
trauma. Nevertheless, the term is well accepted 
to describe a clinical syndrome that can proba- 
bly occur because of any damage to the retro- 
chiasmal afferent visual system occurring in 
utero, at birth, or during the first several years 
of life. The incidence of optic atrophy, strabis- 
mus, and nystagmus in our patients is similar to 
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Fig. 2 (Bosley and associates). Case 3. T;-weighted 
coronal magnetic resonance image showing hypo- 
plastic right optic tract. The patient’s right is on the 
left of the figure. 


that in patients with congenital homonymous 
hemianopsia described by Bajandas, McBeath, 
and Smith.’ 

Damage to primary visual cortex is clearly 
not essential to the syndrome because three 
patients from our series had damage only to the 
anterior calcarine cortex and another three pa- 
tients had no identifiable calcarine cortex inju- 
ry. Seven patients had lesions of the periven- 
tricular optic radiations, which made this the 
most common single area of the afferent visual 
system to be injured in congenital homony- 
mous hemianopsia. Previous reports of congen- 
ital homonymous hemianopsia have stressed 
damage to cortex, including porencephaly’”"® 
and occipital dysplasia,“ but these lesions also 
included the distal optic radiations. 

Lambert and associates™ observed that peri- 
ventricular leukomalacia was universally pres- 
ent in children recovering from hypoxic cortical 
blindness. The periventricular region of imma- 
ture brains is a vascular watershed area,” 
whereas the parieto-occipital junction and 
parasagittal regions are more commonly dam- 
aged by hypoxic and ischemic injuries in 
adults.” Hypoxia and ischemia may be the most 
common mechanisms by which the afferent 
visual system of the immature brain is dam- 
aged, with periventricular optic radiations be- 
ing the most vulnerable site. In this group of 
eight patients with visual field loss, other focal 
neurologic signs were present in only one pa- 
tient, even though five patients had parenchy- 
mal abnormalities outside the afferent visual 
system on computed tomography. 

Positron emission tomography was per- 
formed on two patients with normal computed 
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TABLE 3 
CEREBRAL GLUCOSE METABOLISM WITH EYES 
CLOSED 
CONTROL 
REGION SIDE* CASE1 CASE2 SUBJECTS 

Frontal lobe R 4.62 5.28 4.67(0.80) 
L 4.54 5.22 4.76(0.86) 

LI =1.75 — 1.44 2.55(3.53) 

Temporal lobe R 3.16 4.74 3.95(0.67) 
L 2.96 4.70 4.02(0.76) 

LI —6.54 ~0.65 1.21(9.59) 

Parietal lobe R 3.43 4.53 3.84(0.60) 
L 3.80 4.54 3.98(0.56) 

LI 10.25 0.22 3.84(4.29) 

Occipital lobe R 3.43 4.52 3.98(0.60) 
L 3.55 4.62 3.96(0.57) 

LI 3.43 2.19 —0.39(2.60) 

Anterior calcarine R 3.97 4.78 4.58(0.83) 
cortex L 4.04 5.23 4.64(0.82) 
LI 1.74 8.99t 1.58(4.83) 

Posterior calcarine R 3.45 3.68 3.98(0.64) 
cortex L 3.34 3.96 3.99(0.68) 
LI —3.24 7.32 0.31(5.32) 

Peristriate cortex R 3.39 4.64 4.08(0.58) 
L 3.76 4.52 3.90(0.47) 

LI 10.34? -2.62 —4.23(7.50) 

Lateral occipital R 3.59 4.63 3.74(0.55) 
cortex L 3.69 4.59 3.77(0.53) 
LI 2.74 —0.87 0.70(2.90) 

Whole brain 5.80 7.00 6.29(0.96) 





*LI indicates laterality index. 
tP < .05. 


tomographic scans and largely intact occipital 
cortex by magnetic resonance imaging. Each 
patient had a total left homonymous hemianop- 
sia, and the right occipital cortex had probably 
lacked visual stimulation since birth. Resting 
(eyes closed) cerebral glucose metabolism was 
normal throughout both brains with only sub- 
tle focal interhemispheric asymmetries in glu- 
cose uptake. Checkerboard stimulation to the 
whole visual field in one patient increased 
calcarine metabolic asymmetry as if only the 
right hemifield was receiving stimulation,” 
which implied that the right visual cortex was 
not metabolically dependent on electrical activ- 
ity in visual pathways of either the right or the 
left cerebral hemisphere. 

Patients with homonymous hemianopsias 
caused by ischemic lesions of the optic radia- 
tions and occipital cortex acquired during adult 
life have severe abnormalities of glucose me- 
tabolism in the affected primary and associa- 
tion visual cortex.!*?>” Chronically denervated, 
visually inactive occipital cortex in congenital 
homonymous hemianopsia seems to lack both 


the normal metabolic activation of visual stim- 
ulation and the normal hypometabolism of 
adult denervation. This cortex may be less met- 
abolically dependent than normal calcarine 
cortex on the character and quantity of ipsilat- 
eral afferent stimulation, or it may have ac- 
quired different afferent input after losing ipsi- 
lateral visual connections during development. 
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OPHTHALMIC MINIATURE 
“Sorry, m'dear,” murmured her husband, though his lids half veiled his 
eyes like blinds drawn over his true feelings. 


Dick Francis, Longshot 


New York, G. P. Putnam, 1990, p. 76 


Variable Expression of Albinism Within a Single Kindred 


Susan Castronuovo, M.D., John W. Simon, M.D., Gillray L. Kandel, Ph.D., 
Albert Morier, O.D., Bruce Wolf, M.S., Carl J. Witkop, D.D.S., 
and Paul L. Jenkins, M.S. 


We studied the albinotic characteristics in 
13 members of a white family (age range, 2 to 
73 years), which were graded according to 
severity and were correlated with visual acu- 
ity. Clinical, electrophysiologic, and bio- 
chemical characteristics of this family do not 
fit any known category of human albinism. 
The degree of heterogeneity in expression of 
albinotic features was unexpected. The corre- 
lation between visual acuity and nystagmus 
was particularly strong. The brown-haired 
propositus had severe skin involvement, iris 
transillumination, fundus hypopigmentation, 
and foveal hypoplasia. He had no manifest 
nystagmus, however, and his visual acuity was 
nearly normal. These observations suggest 
that nystagmus imposes a visual deficit be- 
yond that related to foveal hypoplasia alone. 


A.sinism comprises a heterogeneous group of 
heritable disorders involving defective metabo- 
lism of the pigment melanin. In addition to 
variable hypopigmentation of the skin and hair, 
classic features include decreased visual acuity, 
nystagmus, photophobia, strabismus, severe 
astigmatism, iris transillumination, foveal hy- 
poplasia, and hypopigmentation of the choroid 
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and retinal pigment epithelium.’’ Visual- 


evoked potential evidence of anomalous cross- 
ing at the optic chiasm of temporal retinal fibers 
has been demonstrated.*® 

In the current classification, tyrosinase-nega- 
tive oculocutaneous albinism applies to indi- 
viduals who have virtually no pigmentation of 
the skin, hair, or eyes.’ In tyrosinase-positive 
oculocutaneous albinism, some melanin pig- 
ment is formed in the integument and in the 
ocular tissues. In ocular albinism the defect 
predominantly involves the eye, with only mi- 
nor alterations in the skin and hair. Whereas 
oculocutaneous albinism is generally inherited 
as an autosomal recessive trait, ocular albinism 
has been described in both autosomal recessive 
and X-linked recessive forms.” 

We studied a family whose clinical, visual- 
evoked potential, biochemical, and genetic 
characteristics do not fit any known category of 
human albinism. Heterogeneity within this 
kindred permitted analysis of those features 
associated with poor visual acuity. 


Patients and Methods 


A 31-year-old man underwent a routine oph- 
thalmic examination because of a family history 
of oculocutaneous albinism. The patient had 
typical white race features, with light brown 
hair, blue irides, and fair skin (Fig. 1). We 
examined the 13 members in three generations 
of his family, who ranged in age from 2 to 73 
years. Full ophthalmic examination included 
cycloplegic refraction, assessment of best-cor- 
rected visual acuity, motility examination, and 
measurement of stereopsis (Randot). Iris trans- 
illumination, foveal hypoplasia, and fundus 
hypopigmentation were graded as previously 
described.” These characteristics were designat- 
ed as mild, moderate, marked, or severe. Iris 
and fundus photographs were obtained in co- 
operative patients and were used in grading. In 
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Fig. 1 (Castronuovo and associates). Propositus 
(Patient Il-4) with mildly reduced visual acuity, mod- 
erate astigmatism, and fair complexion. 


some cases, iris transillumination was absent. 
Nystagmus and strabismus were graded as ab- 
sent, mild, moderate, marked, or severe. Nys- 
tagmus grades reflected both frequency and 
amplitude; strabismus grades reflected both an- 
gle and control. The following albinotic charac- 
teristics were graded as absent, mild, moderate, 
or severe: inability to tan, photophobia, and 
hypopigmentation of skin and hair. 

Hair bulbs were tested qualitatively and 
quantitatively for tyrosinase activity after incu- 
bation in tyrosine and tyrosine plus cysteine. 
Assays used have been previously described; 
results were compared to a formalin-fixed con- 
trol. Hair bulb hypopigmentation was graded 
as absent, mild, moderate, or severe. Electron 
microscopy of platelets (Patient II-6) was per- 
formed as previously described.’ 

Four-channel, bilateral, hemispheric visual- 
evoked potentials were recorded during binoc- 
ular and monocular stimulation as described by 
Apkarian and associates. Asymmetry was 
graded from assessment of subtraction tracings 
of responses evoked by pattern-onset stimula- 
tion. These tracings were ranked independently 
by two of us (S.C. and G.L.K.) according to the 
degree of asymmetry. Ranks were 1 through 10, 
with 10 representing the most asymmetric re- 
cordings.” Discrepancies were resolved by add- 
ing the ranks assigned each family member by 
the two judges. The resulting sum of ranks was 
then reordered. One three-way tie resulted. 

Iris transillumination, foveal hypoplasia, 
fundus hypopigmentation, complexion, hair 
color, and nystagmus were judged by three of 
us (S.C., J.W.S., and A.M.). Discrepancies were 
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resolved by discussion, with reference to stan- 
dard photographs. 


Results 


All graded characteristics except skin and 
hair hypopigmentation ranged from normal 
(mild or absent) to obviously albinotic 
(severe)(Fig. 2, Table 1). No cases of moderate 
iris transillumination, foveal hypoplasia or nys- 
tagmus, or of marked strabismus or nystagmus 
were identified. Patients II-4 and II-5 were 
fraternal twins who both resembled the father. 
All family members had blue irides. 

Rankings (from 1 to 10) of the clinical, visual- 
evoked potential, and laboratory measure- 
ments of the family members for whom com- 
plete information was available (Patients I-1 
and 2; II-1, 2, 3, 4, 6, and 7; and III-1 and 2) 
were established. Visual acuity (from best to 
worst) was ranked primarily by the better eye 
and secondarily by the worse eye. Stereopsis 
was ranked from 20 arc seconds to none. 
Grades of the remaining clinical characteristics 
determined their ranks, with mild or absent 
having the lowest ranks. In each case, higher 
ranks were assigned to the most albinotic 
characteristics. 

The Spearman rank order correlations 
between visual acuity and albinotic charac- 
teristics were as follows: nystagmus, .89; poor 
stereopsis, .89; iris transillumination, .85; 
astigmatism, .76; visual-evoked potential 
asymmetry, .72; foveal hypoplasia, .72; skin 
hypopigmentation, .71; inability to tan, .60; 
fundus hypopigmentation, .56; photophobia, 
.02; strabismus, .49; and hair hypopigmenta- 
tion, .20. The coefficients, which could range 
from 0 to 1, measure the strength of the rela- 
tionship between visual acuity and each char- 
acteristic. For example, patients with the worst 
nystagmus and the poorest stereopsis had the 
worst visual acuity. By contrast, hair hypopig- 
mentation was negligibly related to visual acu- 
ity. 

These ranks were also used to contrast family 
members most and least affected with respect to 
each albinotic characteristic. To normalize each 
distribution of ranks, we subtracted 5.5 (the 
midpoint). This yielded positive numbers, 
which indicated that albinism was expressed, 
and negative numbers, which indicated that it 
was not expressed. For example, Patients II-1 
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A = Propositus 


O = Ocular cluster 
P = Pigment cluster 
() = Incomplete cluster 
= Neither cluster represented 


4 = Iris transillumination 


= VEP asymmetry 
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* = Missing VEP and/or other data 


Fig. 2 (Castronuovo and associates). Pedigree of the family. (Arrow indicates propositus, and VEP indicates 


visual-evoked potential.) 


and II-6 were positive for iris transillumination, 
whereas Patients I-2, II-2, II-3, and III-1 were 
negative for this trait. 

By noting for each patient whether the score 
was positive or negative for each albinotic trait, 
we were able to identity two independent clus- 
ters (Table 2) of albinotic characteristics. Each 
cluster encompassed three traits: patients who 
expressed one tended also to be positive for the 
other two within the same cluster. Patients who 
did not express one trait tended also to be 
negative for the other two within the same 
cluster. The first group, which we designated 
the ocular cluster, included visual acuity, stere- 
opsis, and nystagmus. Its concordance was sig- 
nificant (P = .024). The second group, which we 
designated the pigment cluster, included pho- 
tophobia, tanning ability, and complexion. Its 
concordance was also significant (P = .004). 
Patients positive for one cluster were not neces- 
sarily positive for the other, and vice versa. 


Patient I-1 was positive for the ocular cluster 
but negative for the pigment cluster, which was 
exactly opposite to Patient I-2. 


Discussion 


Patients II-1, II-5, Il-6, and II-7 demonstrated 
the classic characteristics of albinism, including 
decreased visual acuity, nystagmus, foveal hy- 
poplasia, and fundus hypopigmentation (Table 
1). Except for Patient II-5, who was not tested, 
asymmetric monocular visual-evoked poten- 
tials of the albinotic type were demonstrated in 
these same patients.” Their skin and hair pig- 
mentation, however, could not be distinguished 
from that of Patient I-2, who did not have any of 
the ocular features of albinism and was by all 
criteria unaffected. 

If we were to examine the propositus (Patient 
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TABLE 1 
GRADINGS OF CLINICAL FEATURES, RANKINGS OF VISUAL-EVOKED POTENTIAL ASYMMETRY, AND RESULTS OF 
LABORATORY ASSAYS 


a 


PATIENT VISUAL STEREOPSIS IRIS FOVEAL FUNDUS 
NO., AGE ACUITY REFRACTION (SECONDS TRANSILLU- HYPO-  HYPOPIG- 
(YRS) IN EACH EYE IN EACH EYE STRABISMUS OF ARC) MINATION PLASIA MENTATION NYSTAGMUS 

l-1, 71 20/30 + +5.00 +1.50 x 175 Moderate None Mild Marked Moderate Mild 
20/100 +5.50 +1.50 x 170 

l-2, 62 20/20 +3.00 +0.25 x 90 Absent 20 Absent Mild Moderate Absent 
20/20- +3.50 

Il-1, 40 20/80 +1.25 +0.75 x 35 Absent None Severe Marked Severe Severe 
20/60 + +1.00 +0.50 x 90 

Il-2, 39 20/40-— +0.50 +0.50 x 105 Absent 200 Absent Mild Moderate Absent 
20/30 +2.25 +0.75 x 95 

Il-3, 37 20/20 Plano Absent 20 Absent Mild Mild Absent 
20/20 Plano 

Il-4, 31 20/40+ Plano +3.50 x 95 Mild 200 Marked Severe Marked Absent 
20/25- —1.00 +3.25 x 90 

Il-5, 31 20/200 —4.50 +3.75 x 11 Severe None Severe Severe Marked Severe 
20/70 —2.00 +3.75 x 12 

Il-6, 27 20/70 Plano +1.50 x 100 Absent None Severe Severe Marked Severe 
20/80 +0.25 +3.25 x 65 

Il-7, 21 20/70 +6.25 +1.50 x 150 Severe 400 Marked Marked Marked Severe 
20/60 +6.25 +1.75 xX 15 

lll-1, 13 20/20 —0.75 +0.50 x 115 Absent 20 Mild Mild Marked Absent 
20/20 —0.25 +0.25 x 75 

IIl-2, 5 20/30 +0.50 +0.25 x 90 Absent 30 Absent Mild Marked Absent 
20/25 +0.75 

IIl-3, 2 20/30 +2.25 Absent — Absent Mild Mild Absent 
20/40 +1.50 +0.50 x 75 

Ill-4,2 Central, steady, maintained +0.25 +1.25 x 115 Absent — Mild Mild Mild Absent 


Central, steady, maintained +0.50 +0.50 x 90 





Il-4) as a single patient (Fig. 1), his mild reduc- 
tion in corrected visual acuity, moderate astig- 
matism, blond fundi, and decreased macular 
reflex may not have suggested albinism. Despite 
his fair complexion, the patient looks unaffect- 
ed: he has light brown hair and does not have 
manifest nystagmus. Albinism was suspected 
clinically only because of the family history and 
the finding of iris transillumination. 

The findings in the propositus are especially 
interesting in that his iris (Fig. 3) and fundus 
pigmentation is so characteristically albinotic 
and so similar to that of his affected siblings. 
Close inspection of his fovea showed as severe 
hypoplasia (Fig. 4) as in the most albinotic 
sibling (Figs. 5 and 6). Yet, in contrast to the 
visual acuities of his affected siblings, which 
were in the 20/60 to 20/70 range and charac- 
teristic of tyrosinase-positive albinism, his vis- 
ual acuity of 20/25 was nearly normal. 


This family does not fit any known category 
of albinism. This degree of variability within 
affected members of an albinotic family is unex- 
pected. Phenotypic expression of an autosomal 
recessive disorder is dependent upon two reces- 
sive alleles, and individuals with homozygous 
expression generally show full expression of 
the condition.” Constitutive pigmentary differ- 
ences are minimized within one family genera- 
tion, and uniformity of phenotype is expected 
among siblings with homozygous expression. 

A tyrosinase-positive form of albinism is clin- 
ically suggested by the pigmentation of the 
skin, hair, and irides of even the most affected 
family members. Their tanning ability and 
demonstrated hair bulb pigmentation further 
support this categorization. A unique feature of 
some affected family members was the marked 
increase in pigmentation on hair bulb incuba- 
tion, despite extremely low levels of quantified 
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TABLE 1 (continued) 
GRADINGS OF CLINICAL FEATURES, RANKINGS OF VISUAL-EVOKED POTENTIAL ASYMMETRY, AND RESULTS OF 


LABORATORY ASSAYS 
HAIR BULB 
HYPOPIGMENTATION 
RANK ORDER OF 
HAIR SKIN VISUAL-EVOKED TYROSINASE TYROSINE 
PHOTO HYPOPIG- INABILITY HYPOPIG- POTENTIAL ACTIVITY TYROSINE AND CYSTINE 
PHOBIA MENTATION TO TAN MENTATION ASYMMETRY (PMOL/120 MIN) CONTROL INCUBATION INCUBATION 

Absent Mild Absent Mild 3 0.000 Moderate Absent Absent 
Mild Moderate Moderate Moderate 5 0.369 — — — 
Severe Moderate Moderate Moderate 9 — Severe Absent Absent 
Absent Mild Mild Mild 5 0.248 Moderate Absent Moderate 
Absent Mild Absent Mild 2 0.248 — — — 
Mild Moderate Moderate Moderate 5 0.000 Severe Absent Absent 
Moderate Moderate Moderate Moderate — — — — os 
Mild Mild Severe Moderate 8 0.006 Severe Absent Absent 
Mild Mild Moderate Moderate 10 0.716 Severe Absent Absent 
Absent Mild Absent Mild 1 0.172 — — — 
Absent Mild Absent Mild 7 0.168 — — — 
Absent Moderate Mild Moderate —— 0.227 — — — 
Absent Mild Mild Mild — 0.051 — — — 





tyrosinase. For example, Patient Il-6 had mi- 
nute quantitative tyrosinase activity despite 
hair color that was even darker than that en- 
countered in African tyrosinase-positive albi- 
nism (Table 1). It would appear that some 
genetic influence has inhibited pigmentation 
profoundly in the skin and eyes but much less 
in the hair. Similar variability in pigmentation 
has been noted in the Hermansky Pudlak syn- 
drome.” The same patient, however, had nor- 
mal numbers of platelet-dense bodies, which 
excluded this diagnosis. 

Although the relatively dark hair color of 
Patients II-6 and II-7 might suggest autosomal 
recessive ocular albinism, the increase in their 
hair bulb pigmentation after incubation in tyro- 
sine plus cysteine is inconsistent with this form. 
Yellow mutant albinism is unlikely because 
pheomelanin could not be demonstrated. The 
defect in this family most closely resembled 


minimal pigment albinism, proposed by King 
and associates” and Jay, Witkop, and King” to 
represent compound albinism with different 
alleles at the tyrosinase locus. None of their 
patients, however, developed the degree of hair 
and skin pigmentation seen in the patients of 
our study. It is conceivable that the two clusters 
identified in our family, which were reciprocal- 
ly expressed in Patients I-1 and I-2, may reflect 
two separate interacting gene loci. 

Clusters of albinotic characteristics (Table 2) 
suggest that two different but allelic genes may 
be present in this family. The mutant gene in 
the presumed heterozygous father (+, al) is 
expressed as decreased visual acuity, decreased 
stereopsis, and nystagmus. The mutant gene in 
the presumed heterozygous mother (+, a2) is 
expressed as photophobia, inability to tan, and 
hypopigmentation. If this were so, Patients Il-2 
and Il-3, who are not albinotic, would have 
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TABLE 2 
CLUSTERS OF ALBINOTIC CHARACTERISTICS* 





OCULAR CLUSTER 


VISUAL 
PATIENT NO. ACUITY STEREOPSIS NYSTAGMUS 
l-1 Yes Yes Yes 
l-2 No No No 
Il-1 Yes Yes Yes 
Il-2 Yes Yes No 
Il-3 No No No 
Il-4 No No No 
Il-6 Yes Yes Yes 
Il-7 Yes Yes Yes 
Ill-1 No No No 
IIl-2 No No No 


PIGMENT CLUSTER 


INABILITY SKIN 
PHOTOPHOBIA TO TAN HYPOPIGMENTATION 

No No No 
Yes Yes Yes 
Yes Yes Yes 
No No No 
No No No 
Yes Yes Yes 
Yes Yes Yes 
Yes Yes Yes 
No No No 
No No No 





*Yes indicates expression of the albinotic characteristic, and no indicates nonexpression of the albinotic characteristic. 


received a normal wild-type gene from each 
parent (+, +). Albinotic Patients II-1, II-6, and 
II-7 would have received a mutant gene from 
each parent (al, a2). Patient II-4 would be 
heterozygous, having received a normal gene 
from the father and a mutant gene from the 
mother (+, a2). 

The quantitative hair bulb tyrosinase assay 
measures easily extractable, soluble enzyme 
unbound to the melanosome matrix. The quan- 
titative tyrosinase activity in hair bulbs of obli- 
gate heterozygotes for tyrosinase-negative albi- 
nism have zero or near zero activity rather than 
approximately half of the activity expected in a 
heterozygote for an enzymatic disorder. It is 
believed that in the tyrosinase-negative hetero- 
zygote the half-normal dose of enzyme is im- 
mediately bound to the melanosome matrix, 
leaving no soluble unbound tyrosinase that the 





Fig. 3 (Castronuovo and associates). Marked iris 
transillumination in the propositus (Patient II-4). 
(Arrow indicates lens equator.) 





assay method detects. Evidence that albinotic 
Patients II-2 and II-4 and presumed heterozy- 
gous Patient II-5 have melanosome-bound tyro- 
sinase, despite no activity of assayed free tyro- 
sinase, is the definite pigment present in the 
hair and the increase in pigmentation of hair 
bulbs after incubation in tyrosine substrate. 
The biochemical inconsistency of two allelic 
genes as an explanation for the observations in 
this family is the high free-tyrosinase activity 
in the hair bulbs of Patient II-7. High free- 
tyrosinase activity might result if for some 
reason there were a defect in melanosome for- 
mation or in enzyme binding to the melano- 





Fig. 4 (Castronuovo and associates). Marked fun- 


dus hypopigmentation and severe foveal hypoplasia 
in the propositus (Patient Il-4). 
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Fig. 5 (Castronuovo and associates). Moderate 
complexion and mild hair hypopigmentation (light 
brown) in Patient II-6. 


some matrix in this patient. Ultrastructural 
studies might elucidate this possibility. The 
present evidence, however, suggests that an 
unidentified factor is present in the pathogene- 
sis of the pigment defect in this family. 

The cause of the visual impairment in albi- 
nism is uncertain. Perhaps the most obvious 
possibility is the characteristic foveal hypoplas- 
ia. As demonstrated by Fulton, Albert, and 
Craft, none of the clinical or histologic fea- 
tures of the normal fovea can be identified in 
-albinotic eyes. Wilson and associates’ sug- 
gested that increased photoreceptor spacing is 
the basis for poor visual acuity in albinism. 
Surprisingly, foveal hypoplasia did not appear 
in the cluster with visual acuity. The findings in 
our propositus, who had visual acuity of 20/25 
despite clinically severe foveal hypoplasia (Fig. 
4), also failed to link visual acuity and foveal 
hypoplasia. His foveas were more hypoplastic 
than those of Patient II-1, whose visual acuity 
was substantially worse. Light scattering and 
damage from free radicals impinging upon the 
unprotected retina have been suggested as a 
second possible cause of the visual deficit." 
However, neither iris transillumination nor 
fundus hypopigmentation appeared in the clus- 
ter with visual acuity. The propositus, with 
nearly normal visual acuity, nevertheless had 
marked hypopigmentation of both iris and fun- 
dus. 

Previous reports have tended to correlate the 
severity of albinotic characteristics with the 
degree of visual impairment: less pigmented 
individuals generally have worse visual func- 
tion.'* We analyzed each of the clinical features 
of albinism in an attempt to determine, for this 
family, which are more strongly related to the 
visual acuity deficit. The strongest correlations 
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Fig. 6 (Castronuovo and associates). Marked fun- 
dus hypopigmentation and severe foveal hypoplasia 
in Patient II-6. 


with visual acuity deficit (P < .01) were seen for 
nystagmus, stereopsis, and iris transillumina- 
tion. The correlation between nystagmus and 
visual acuity was particularly strong. The im- 
portance of nystagmus was evident in the pro- 
positus, with severe foveal hypoplasia, no nys- 
tagmus, and good vision. His clinical findings 
contrast with those of Patient II-1, who had 
milder foveal hypoplasia, severe nystagmus, 
and substantially poorer vision. These observa- 
tions suggest that nystagmus imposes a visual 
deficit beyond that related to foveal hypoplasia 
alone. 

Our analyses demonstrate that albinism can 
be variably expressed, even within a single 
family. Such variability has been noted in albi- 
nism associated with Prader-Willi syndrome.” 
Patients with albinism need not have nystag- 
mus and are likely to have better visual acuity if 
they do not. Some of the features typically 
encountered in albinism, such as foveal hypo- 
plasia and iris transillumination, need not be 
associated with major visual acuity impair- 
ment. We believe further studies of families 
with albinism will help elucidate the genetic 
and structural basis for the visual impairment. 
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Loss of Contrast Sensitivity in Cystic Fibrosis 


Lawrence E. Leguire, Ph.D., Karl S. Pappa, M.D., Mary Lou Kachmer, M.D., 
Gary L. Rogers, M.D., and Don L. Bremer, M.D. 


We measured the contrast sensitivity func- 
tion in a 16-year-old boy with cystic fibrosis, 
before and during vitamin A supplementa- 
tion. Before vitamin A supplementation, ser- 
um levels of vitamin A were abnormally low, 
the electroretinogram was reduced, and con- 
trast sensitivity was abnormally low at all 
spatial frequencies. During vitamin A supple- 
mentation (25,000 IU/day), serum levels of 
vitamin A became low normal, the electroreti- 
nogram returned to normal, and the overall 
contrast sensitivity function improved by 
94%. We propose that the contrast sensitivity 
function may be abnormal in patients with 
cystic fibrosis who have reduced retinal func- 
tion secondary to vitamin A deficiency. 


G PAIDE AND ASSOCIATES! reported that in pa- 
tients with cystic fibrosis the contrast sensitivi- 
ty function showed an overall loss compared to 
normal control subjects. The overall loss of the 
contrast sensitivity function was evident even 
in patients with cystic fibrosis with normal 
visual acuity and without chloramphenicol 
treatment. Given that few of the patients with 
cystic fibrosis had retinal abnormalities, Spaide 
and associates’ proposed that the overall loss of 
contrast sensitivity function may be attributed 
to subclinical optic nerve dysfunction. 

Lindenmuth, Del Monte, and Marino’ noted 
that more than 85% of patients with cystic 
fibrosis have the potential for a vitamin A 
deficiency. It is well established that vitamin A 
is essential for photoreceptor function.’ A defi- 
ciency in vitamin A can cause retinal changes 
that are not typically noted on ophthalmic ex- 
amination.* 
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We examined a patient with cystic fibrosis 
who also had a vitamin A deficiency. We mea- 
sured the contrast sensitivity function before 
vitamin A supplementation and found an ab- 
normal contrast sensitivity function similar to 
that reported by Spaide and associates.’ During 
vitamin A supplementation, however, the con- 
trast sensitivity function improved significant- 
ly. These results suggest the possibility that 
contrast sensitivity function losses in patients 
with cystic fibrosis can be caused by subclinical 
retinal abnormalities secondary to vitamin A 
deficiency. 


Case Report 


A 16-year-old boy with cystic fibrosis since 
birth was referred to our institution for night 
blindness. Medical history included multiple 
colectomies for meconium ileus and develop- 
ment of diabetes at the age of 8 years. Medica- 
tions included pancrelipase, albuterol, and in- 
sulin. The patient was also taking multiple 
vitamins, and compliance was reported to be 
good based on an interview with the patient's 
mother. The patient had a five-year history of 
recurrent episodes of a red, blotchy rash resem- 
bling hives, accompanied by severe joint pain 
and swelling, chills, malaise, fatigue, and fever. 

Ophthalmic examination disclosed visual 
acuity of 20/30 in both eyes and multiple 
Bitot’s spots on the conjunctiva of each eye. 
Visual fields and color vision were normal. 
Results of examination, with pupils dilated, of 
the retinas and optic nerves were unremarka- 
ble. Electroretinography, under light and dark 
adaptation conditions, showed reduced b-wave 
amplitude responses from both eyes. Serum 
levels of vitamin A were found to be abnormal- 
ly low (less than 10 pg/dl; normal, 30 to 95 
pg/dl). 

Monocular contrast sensitivity functions 
were measured with a wall-mounted, contrast 
sensitivity function chart that consisted of 
eight contrast levels at five spatial frequen- 
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cies. A three-alternative, forced-choice proce- 
dure was used to measure the contrast sensitivi- 
ty function as previously described.’ Contrast 
sensitivity functions were measured twice in 
the patient: before and four months after the 
start of vitamin A supplementation (25,000 
IU/day). With vitamin A supplementation, ser- 
um levels of vitamin A were low normal (40 
mg/dl), and electroretinograms returned to 
normal amplitudes. 


Results 


The Figure shows contrast sensitivity func- 
tions, averaged between the right and left eyes, 
before and during vitamin A supplementation 


200 
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30 


CONTRAST SENSITIVITY 





1-5 3:0 6:0 12-0 240 
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Figure (Leguire and associates). Contrast sensitivi- 
ty functions are shown for a patient with cystic 
fibrosis before (open circles and dashed line) and 
during (closed circles and dashed line) vitamin A 
supplementation. The arrows at each spatial frequen- 
cy illustrate the overall 94% improvement in the 
contrast sensitivity function with vitamin A supple- 
mentation. The normal contrast sensitivity function 
(closed squares and solid line) represents the mean of 
15 normal adults. 
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and the mean contrast sensitivity function of 15 
normal adults. Before vitamin A supplementa- 
tion the contrast sensitivity function was below 
normal at all spatial frequencies. With vitamin 
A supplementation the overall contrast sensi- 
tivity function improved by 94%. Assuming 
independence of spatial frequencies, the over- 
all increase in contrast sensitivity function was 
statistically significant (paired t-test = 4.16, df 
= 4,P < .02). The increase in contrast sensitivi- 
ty function cannot be attributed to a learning 
effect, aging, or other extraneous variables.’ 


Discussion 


The contrast sensitivity function, averaged 
between the right and left eyes, found in a 
patient with cystic fibrosis with a vitamin A 
deficiency was similar to that found in a group 
of patients with cystic fibrosis described by 
Spaide and associates.’ The overall contrast 
sensitivity function was found to be decreased 
relative to that of a normal control group. We 
estimated the overall decrease in contrast sensi- 
tivity in patients with cystic fibrosis compared 
to the control group, as reported by Spaide and 
associates,’ to be approximately 52%. This esti- 
mate agrees with the overall decrease in con- 
trast sensitivity before vitamin A supplementa- 
tion in our patient of 48%. Our results suggest 
the possibility that the results found by Spaide 
and associates’ may have been caused by subtle 
losses of retinal-photoreceptor function associ- 
ated with vitamin A deficiency. Approximately 
85% of patients with cystic fibrosis have the 
proclivity for vitamin A deficiency.’ Addition- 
ally, the electroretinogram results indicate that 
the vitamin A deficiency caused a functional 
retinal abnormality. 

It could be argued that the patients with 
cystic fibrosis studied by Spaide and associates! 
did not have a subclinical vitamin A deficiency 
because 31 of their 32 (97%) patients with 
cystic fibrosis were taking vitamin supple- 
ments. Our patient, however, was also taking 
vitamin supplements. As noted by Sommer," 
5,000 to 10,000 IU (which is the typical amount 
of vitamin A in multivitamins) may not be 
enough to maintain liver storage of vitamin A in 
patients with cystic fibrosis. Sommer® suggest- 
ed that 25,000 to 50,000 IU may be required to 
maintain liver storage of vitamin A in patients 
with cystic fibrosis. This important point is 
illustrated by the findings in our patient, in that 
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his condition was maintained on 25,000 IU /day 
of vitamin A; yet, his serum levels were only 
low normal. 

These results in combination with the results 
of Spaide and associates’ suggest the possibility 
that the contrast sensitivity function may be 
valuable in the detection of subtle losses of 
retinal function in patients with cystic fibrosis. 
The photoreceptors are the most sensitive or- 
gan to manifest signs of vitamin A deficiency.’ 
Given that vitamin A deficiency may exist even 
with normal vitamin A serum levels,” the con- 
trast sensitivity function may be valuable in the 
detection and evaluation of retinal dysfunction 
secondary to a vitamin A deficiency in patients 
with cystic fibrosis. 
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Scleritis and Wegener’s Granulomatosis in Children 





Robert D. Sacks, M.D., E. Lee Stock, M.D., Susan E. Crawford, M.D., 
Mark J. Greenwald, M.D., and Richard B. O’Grady, M.D. 


We treated two children with scleritis (one 
unilateral, one bilateral), in whom Wegener's 
granulomatosis was diagnosed on the basis of 
pathologic changes in respiratory tract muco- 
sa. Both patients were girls, 13 and 14 years of 
age, respectively. One patient had otitis media 
and a nodular scleritis. Laboratory test results 
demonstrated an increased erythrocyte sedi- 
mentation rate and microscopic hematuria. A 
biopsy of the sinus confirmed the diagnosis of 
Wegener’s granulomatosis. The second pa- 
tient had fever, arthralgias, a nonproductive 
cough, and bilateral scleritis. Laboratory test 
results demonstrated an increased erythro- 
cyte sedimentation rate, positive test results 
for rheumatoid factor, and bilateral pulmo- 
nary nodules on chest x-ray. Open-lung biop- 
sy confirmed the diagnosis of Wegener’s gran- 
ulomatosis. Both patients responded well to 
treatment with a combination of prednisone 
and cyclophosphamide. 


Scueritis occurs rarely in children. A few pedi- 
atric cases have previously been reported,” for 
which ng definitive etiologic origin was estab- 
lished. 

Wegener’s granulomatosis is a multisystem 
disease, primarily of adults, which consists of 
upper and Jower respiratory tract necrotizing 
granulomas and vasculitis, varied degrees of 
generalized small vessel vasculitis, and a focal 
necrotizing glomerulonephritis. A limited form 
of the disease without renal involvement has a 
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better prognosis.‘ We treated two children in 
whom scleritis was the initial manifestation of 
Wegener's granulomatosis. 





Case Reports 





Case 1 

A 13-year-old girl entered the hospital for 
treatment of otitis and scleritis. The patient had 
recurrent otitis media treated with bilateral 
myringotomy one year before admission. Five 
weeks earlier, she had developed arthralgias, 
decreased appetite with mild weight loss, and 
fatigability. Recurrent otitis media one week 
later necessitated insertion of an ear tube and 
treatment with oral cefaclor antibiotic. Ten days 
before admission, the patient developed a 
white spot on the right cornea, which was 
diagnosed as bacterial keratitis by an ophthal- 
mologist and treated with topical tobramycin 
eyedrops. The condition almost resolved after 
four days, but then the right eye became red and 
painful. The ophthalmologist then prescribed 
gentamicin sulfate eyedrops, bacitracin oph- 
thalmic ointment, and oral penicillin. Four days 
before admission, the pain increased, and pho- 
tophobia and blurred vision developed. The 
patient was admitted to Children’s Memorial 
Hospital for fever and lethargy in addition to 
the ocular complaints. 

Initial findings included visual acuity of R.E.: 
20/30 and L.E.: 20/20. Results of examination 
of the pupils were normal, and ocular move- 
ments were full. There was mild right upper 
eyelid blepharoptosis with edema. Slit-lamp 
examination demonstrated conjunctival injec- 
tion superiorly with prominent scleral vessels 
and scleral edema. A 3 X 4-mm scleral nodule 
was noted superiorly with adjacent small, dis- 
crete, limbal infiltrates. There was no associat- 
ed corneal thinning. The anterior chamber was 
clear, and intraocular pressure and results of a 
fundus examination were normal. 

The girl appeared chronically ill. Yellow- 
white discharge drained from the right eye, and 
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the tympanic membrane was inflamed. Bilateral 
ear tubes were in place. Results of the remain- 
der of the physical examination were normal. 

Initial laboratory testing included normal re- 
sults of a complete blood cell count, electrolyte 
level, and creatinine level. Urinalysis demon- 
strated microscopic hematuria (four to five red 
blood cells per high-power field). Westergren 
erythrocyte sedimentation rate was 41 mm/ 
hour (normal, 0 to 20 mm/hour). Rheumatoid 
factor, antinuclear antibody, and complement 
levels were normal. Results of a chest x-ray 
were normal. Computed tomography disclosed 
probable right mastoiditis. 

Initial treatment consisted of intravenous 
gentamicin sulfate and topical 1% ocular pred- 
nisolone acetate, which produced minimal im- 
provement in both the ocular condition and 
otalgia after 48 hours. Results of a culture of the 
cornea were negative, but culture of fluid drain- 
ing from the right ear grew Achromobacter xy- 
losoxidans. The regimen was changed to oral 
trimethoprim/sulfamethoxazole and predni- 
sone, which resulted in ocular and systemic 
improvement within 36 hours. 

Based on clinical findings, biopsy specimens 
of the middle ear, maxillary sinus mucosa, 
subglottic mucosa, and bone from the maxillary 
sinus were obtained. Only the maxillary muco- 
sa was abnormal. There was marked vasculitis 
with polymorphonuclear and plasma cell infil- 
tration in the vessel walls as well as occasional 
granuloma and multinucleated giant cells (Fig. 
1). The histopathologic diagnosis was Weg- 
ener’s granulomatosis. Bacterial and fungal cul- 
tures of biopsy tissue were negative. 

After a ten-day regimen of systemic predni- 
sone, both the scleritis and systemic symptoms 
had greatly improved, and the patient was dis- 
charged from the hospital. Increased micro- 
scopic hematuria, proteinuria, serum creatinine 
level, and blood urea nitrogen level developed 
four weeks later. Cyclophosphamide was added 
to the treatment regimen. For a short time, 
azotemia continued to progress, and hyperkale- 
mia developed, which required peritoneal dial- 
ysis. During the ensuing two months, renal 
function showed marked improvement. The 
scleritis resolved completely with cyclophos- 
phamide and corticosteroid therapy. 


Case 2 

A 14-year-old girl entered the hospital with 
fever, arthralgias, nasal congestion with a mild 
nonproductive cough, decreased appetite, and 
fatigue of three weeks’ duration. Two days be- 
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fore admission the patient had developed irrita- 
tion, tearing, redness, and dull pain in both 
eyes. 

Ocular examination disclosed visual acuity of 
20/20 in both eyes as well as normal pupils and 
ocular motility. Slit-lamp examination demon- 
strated mild conjunctival injection and moder- 
ate bilateral scleral injection and edema superi- 
orly in both eyes. Both anterior chambers were 
deep and clear, and intraocular pressure and 
results of fundus examination were normal. 

Laboratory results included a Westergren 
erythrocyte sedimentation rate of 37 mm/hour, 
a positive rheumatoid factor test at 1:1,280 
dilution, negative antinuclear antibody test, 
and normal complement levels. Urinalysis 
demonstrated four to eight red blood cells per 
high-power field. A chest x-ray disclosed multi- 
ple bilateral pulmonary nodules. A tuberculin 
skin test was negative. 

The patient underwent an open-lung biopsy, 
which confirmed a microscopic diagnosis of 
Wegener’s granulomatosis (Fig. 2). There was 
evidence of marked vasculitis with destruction 
of the vessel walls. Many inflammatory cells 
consisting of both polymorphonuclear leuko- 
cytes and lymphocytes with a moderate amount 
of giant cells were also noted. Bacterial and 
fungal cultures of the biopsy specimen were 
negative. Treatment with oral prednisone and 
cyclophosphamide was initiated, with resolu- 
tion of systemic symptoms and scleritis after 
seven days. 


Discussion 


Wegener’s granulomatosis is a disease mainly 
of adults, with the average age of onset in the 
fourth to fifth decades of life and relatively rare 
occurrence in patients younger than the age of 
16 years. The recorded frequency of ocular 
involvement in Wegener’s granulomatosis has 
ranged from 29% to 48%." The anterior seg- 
ment is commonly the site of focal ocular in- 
volvement, with the sclera and episclera in- 
volved in up to 38% of cases.’ Contiguous 
involvement of the orbit is also commonly not- 
ed.’ Scleritis associated with Wegener’s granu- 
lomatosis can be devastating, with subsequent 
blindness despite aggressive therapy.*"” 

In 1985, Parelhoff, Chavis, and Friendly" 
reviewed the literature and found only 21 well- 
documented cases of Wegener’s granulomatosis 
in children under 16 years of age, of whom 
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Fig. 1 (Sacks and associates). Case 1. Maxillary mucosa biopsy specimen. Left, Subepithelial zone is thickened 


by perivascular chronic inflammatory cell infiltrate and an area of necrosis (hematoxylin and eosin, X 100). 
Right, Chronic inflammatory cells surround a central histiocytic focus containing a multinucleated giant cell 


(hematoxylin and eosin, X 450). 


eight had ocular or orbital signs, but none had 
scleritis. A subsequent report described four 
children under age 14 years with Wegener’s 
granulomatosis; two had conjunctivitis as the 
only ocular manifestation.” In 1986, Halstead, 
Karmody, and Wolff described 50 patients 
with Wegener’s granulomatosis, including four 
patients younger than 16 years of age. One of 
their patients had a corneal ulcer as the initial 
symptom. Mohanlal and associates” described 
an 11-year-old girl with Wegener’s granuloma- 
tosis but without ocular involvement. In con- 
trast to previous reports, both of our patients 


had scleritis as one of the initial manifestations 
of the underlying systemic process. 

The average age of onset of scleritis at one 
referral center was 46.6 years.’ Watson and 
Hayreh” reported a peak incidence in the 
fourth decade in men and two peaks in women: 
one in the third decade and one in the sixth 
decade. 

Scleritis is the result of granulomatous 
changes of the sclera believed to be an immune 
response either within the scleral tissue or its 
vascular supply." Because scleritis is usually 
secondary to a systemic disease and the inflam- 





Fig. 2 (Sacks and associates). Case 2. Lung biopsy specimen. Left, Note aggregation of acute and chronic 
inflammatory cells admixed with giant cells (hematoxylin and eosin, X 225). Right, Evidence of destructive 
vasculitis with disruption of the elastic wall in a pulmonary artery (Weigert’s elastic tissue stain with Van Gieson 
counterstain, X 225). 
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matory cells responsible for it originate distant 
from the eye, treatment with systemic cortico- 
steroids or noncorticosteroid antiinflammatory 
agents are often effective. Patients unable to 
tolerate corticosteroids or unresponsive be- 
cause of the intense nature of the local granu- 
lomatous response may benefit from cytotoxic 
agents.’ The condition in our first patient did 
not respond to topical medication for scleritis 
but did improve on oral prednisone. The sys- 
temic manifestations progressed, despite treat- 
ment with systemic corticosteroids, and finally 
resolved when cyclophosphamide was added. 
Cyclophosphamide therapy is considered the 
preferred drug for Wegener’s granulomatosis 
because of its proven efficacy.” The condition 
in our second patient, who had bilateral, less 
severe scleritis, demonstrated a rapid response 
to initial combination treatment with cortico- 
steroids and cyclophosphamide. 

The findings in our two patients suggest that 
scleritis in children should prompt thorough 
investigation for an underlying systemic disor- 
der. Treatment with systemic corticosteroids 
and possibly immunosuppressive drugs is like- 
ly to be necessary. With early initiation of 
appropriate therapy, the prognosis for scleritis 
associated with Wegener’s granulomatosis in 
children appears to be good. 
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Nuclear Sclerotic Cataract After Vitrectomy for Idiopathic 


Epiretinal Membranes Causing Macular Pucker 





George M. Cherfan, M.D., Ronald G. Michels, M.D.t, Serge de Bustros, M.D., 
Cheryl Enger, M.S., and Bert M. Glaser, M.D. 


We evaluated the occurrence or progression 
of nuclear sclerosis of the crystalline lens in 
100 eyes after vitrectomy for removal of idio- 
pathic epiretinal membranes causing macular 
pucker. The follow-up period ranged from six 
to 99 months (average, 29 months). Visually 
significant nuclear sclerosis was present pre- 
operatively in three of the operated on eyes 
and four of the fellow eyes. The rate of occur- 
rence or progression of visually significant 
nuclear sclerosis was far greater in the operat- 
ed on eyes (P < .0001). Of 100 patients, 80 
operated on eyes and 24 fellow eyes had visu- 
ally significant nuclear sclerosis or had under- 
gone previous cataract extraction at the con- 
clusion of the study. Different concentrations 
of glucose in the intraocular irrigating solu- 
tion did not affect occurrence of later nuclear 
sclerosis. Patients older than 50 years of age 
had a far greater incidence of later nuclear 
sclerosis than patients younger than 50 years 
of age (P = .0003). Nuclear sclerosis may be 
caused by altered lens metabolism after re- 
moval of part of the vitreous gel, since nuclear 
sclerosis also occurs in other conditions asso- 
ciated with vitreous liquefaction. 


Pars prana vitRECTOMY methods are used to 
treat various types of posterior segment diseas- 
es, and surgery is often required in phakic as 
well as in aphakic and pseudophakic eyes. 
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Serious posterior segment complications are 
infrequent, and the most common postopera- 
tive complication is later progressive nuclear 
sclerosis of the crystalline lens. Cataract chang- 
es occur after vitrectomy for various condi- 
tions,!™? but postoperative cataract has been 
studied most extensively after surgery for mac- 
ular pucker.** De Bustros and associates” previ- 
ously reported the type and incidence of post- 
operative lens opacities after vitrectomy to 
remove idiopathic epiretinal membranes caus- 
ing macular pucker. 

We studied an expanded series of these pa- 
tients with a longer follow-up period. We also 
evaluated the incidence of postoperative cata- 
ract in patients of different ages and in two 
groups of eyes in which different compositions 
of intraocular irrigating solution were used. 


Patients and Methods 


We reviewed 103 consecutive records of idio- 
pathic epiretinal membranes affecting the mac- 
ula in phakic eyes, which had been treated by 
vitrectomy and removal of the epiretinal tissue. 
The patients had no history of previous ocular 
surgery and no known ocular disease, other 
than macular pucker and posterior vitreous 
detachment in most eyes. Only patients with an 
intact crystalline lens in both eyes were includ- 
ed, thereby permitting comparison between 
both lenses of the same patient. One 10-year- 
old boy was excluded because of long-term 
high-dose corticosteroid therapy for a separate 
systemic condition. The patient developed pos- 
terior subcapsular cataracts in both eyes be- 
cause of the corticosteroids, thereby masking 
any possible effect of vitrectomy. Two other 
patients were excluded because they lived in 
other countries, and a minimum of six months 
of follow-up could not be obtained. Thus, the 
study population was 100 patients. 
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There were 48 males and 52 females. The 
patients ranged in age from 4 to 81 years (mean, 
62 years; median, 66 years) at the time of the 
operation. The right eye was involved in 49 
patients, and the left eye was involved in 51 
patients. The follow-up interval ranged from 
six months to 99 months (mean, 29 months; 
median, 24 months). 

The vitrectomy techniques used to treat these 
patients have been previously reported.47*!0!! 
A previously existing posterior vitreous detach- 
ment was present in more than 90% of eyes, 
and the posterior one half to two thirds of the 
vitreous gel was removed. The epiretinal mem- 
brane was then removed with a vitreoretinal 
pick and intraocular forceps. The intraocular 
portion of the operation took approximately 15 
minutes, and the volume of irrigating solution 
used was usually 25 to 75 ml. 

During the first half of the study (52 patients), 
an irrigating solution with a glucose concentra- 
tion of 500 mg/dl was used, as was customary 
for patients with diabetes. This was a special 
solution prepared by the hospital pharmacy 
that was similar to the glutathione-bicarbo- 
nate-Ringer’s solution developed by Edel- 
hauser and associates." During the second 
half of the study (48 patients), the glucose 
concentration of this solution was reduced to 
100 mg/dl. 

For each patient, factors related to the preop- 
erative examination, operative procedure, and 
postoperative examination were tabulated. Fac- 
tors recorded from the history and preoperative 
examination included age, sex, eye, visual acu- 
ity, type and severity of lens opacity, intraocu- 
lar pressure, and posterior vitreous separation. 
Factors recorded from the operative procedure 
included the type of infusion solution used, 
intraoperative complications, and use of intra- 
ocular air. Items recorded from the postopera- 
tive record included any additional surgery, 
type and severity of any lens opacity, other 
postoperative complications, corrected postop- 
erative visual acuity, final postoperative visual 
acuity, details of the fundus examination, and 
primary cause of any decrease in visual acuity 
occurring postoperatively. 

The lens changes were characterized as to the 
location and severity based on slit-lamp biomi- 
croscopy. The locations were designated as cor- 
tical or anterior subcapsular cataract, nuclear 
sclerosis, and posterior subcapsular cataract. 
The severity of lens opacities was graded as 
none, trace, mild, moderate, and severe. Lens 
opacities graded mild to severe were consid- 


ered to be visually significant because they 
were associated with visual reduction of two or 
more Snellen lines in the fellow eyes with 
normal macular function. 

Kaplan-Meier life table methods were used to 
compute. the cumulative proportion of eyes 
with development or worsening of nuclear scle- 
rosis over time since the operation. These survi- 
val curves were compared between groups 
using the Lee-Desu statistic.” 


Results 


Preoperatively the lens was clear or had only 
trace nuclear sclerosis in 97 of the operated on 
eyes and 96 of the fellow eyes. At the time of the 
final patient visit, a visually significant nuclear 
sclerotic cataract, or a history of previous cata- 
ract extraction, was present in 80 of the operat- 
ed on eyes and 24 of the fellow eyes. Postopera- 
tively, lens opacity changes were classified as 
follows: none, 15 operated on eyes and 49 
fellow eyes; trace, five operated on eyes and 27 
fellow eyes; mild, ten operated on eyes and 
17 fellow eyes; moderate, 43 operated on eyes 
and five fellow eyes; and severe, 27 operated on 
eyes and two fellow eyes. Fourteen eyes in the 
surgical group had undergone cataract extrac- 
tion and one of the fellow eyes had undergone 
cataract extraction. 

The time interval between surgery and devel- 
opment, or worsening, of visually significant 
nuclear sclerosis was determined for both the 
operated on and nonoperated on fellow eyes by 
recording the number of months after the oper- 
ation that significant lens changes were first 
noted. Development, or worsening, of nuclear 
sclerosis was defined as a change from a clear 
lens to mild nuclear sclerosis, trace nuclear 
sclerosis to moderate nuclear sclerosis, or an 
increase of at least one full class of severity for 
eyes with mild or moderate nuclear sclerosis 
preoperatively. The data are presented using 
Kaplan-Meier life table methods (Fig. 1). The 
rate of progression was significantly higher in 
the operated on eyes (P < .0001, Lee Desu 
statistic). By 24 months, 68.4% (95% confi- 
dence interval, 58.7% to 78.0%) of the operated 
on eyes showed significant progression com- 
pared to 12.8% (95% confidence interval, 5.5% 
to 20.0%) of the nonoperated on fellow eyes. 

The possible effect of different intraocular 
irrigating solutions on development of nuclear 
sclerosis was evaluated by comparing the 52 
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eyes in which a hyperglycemic solution was 
used with those in which the glucose concen- 
tration was lower. Figure 2 compares the rate of 
progression of nuclear sclerosis between the 
two groups of operated on eyes and demon- 
strates no difference between the two (P = .95). 
There was a strongly significant difference, 
however, when comparing the occurrence of 
progressive nuclear sclerosis between the oper- 
ated on eyes and the nonoperated on fellow 
eyes in each subgroup (P < .0001 for each). 

The possible effect of patient age on develop- 
ment of postoperative nuclear sclerosis was 
evaluated by dividing the patients into those 50 
years of age and younger (N = 11), and those 
older than 50 years of age (N = 89). The 
occurrence of later nuclear sclerosis in the oper- 
ated on eyes is compared in Figure 3. The size of 
the groups was different, but only one of 11 
patients in the younger group developed nucle- 
ar sclerosis, and the difference between the 
groups was significant (P = .0003). 


Discussion 





Vitreous surgery is now used to treat many 
types of posterior segment disease, and often 
surgery is performed in phakic eyes. Therefore, 
the occurrence of progressive postoperative cat- 
aract changes is an important consideration 
when surgery is contemplated. We studied the 
type and incidence of postoperative cataract in 


eyes after removal of idiopathic epiretinal 
membranes causing macular pucker because 
these eyes had no other ocular diseases that 
could contribute to cataract formation, and the 
operation was especially brief. Therefore, cata- 
ract changes after vitrectomy could be attribut- 
ed to changes induced by the operation, and the 
incidence of postoperative cataract would be 
known after the least invasive type of vitreous 
surgery operation. 

Nuclear sclerosis is a common type of cata- 
ract associated with myopia and with advan- 
cing age. The origin of nuclear sclerosis is 
unknown, but it is caused by the gradual accu- 
mulation of insoluble lens proteins and pig- 
ments, which results in loss of transparency 
and color changes in the lens nucleus ranging 
from yellow to brown. When nuclear sclerosis 
occurs in patients without other ocular abnor- 
malities or previous surgery, it is often nearly 
symmetric between the two eyes. Comparison 
between the operated on eyes and the fellow 
eyes in our patients demonstrated that progres- 
sive nuclear sclerosis was usually a sequela of 
surgery. There was also, however, a gradually 
increasing incidence of nuclear sclerosis in the 
fellow eyes related to aging. 

An increased incidence of nuclear sclerosis 
has been demonstrated after vitrectomy for 
macular pucker, although the incidence has 
been found to range from 12.5%" to 68%.: Not 
all studies, however, have included only eyes 
with idiopathic epiretinal membranes. In eyes 
with other ocular diseases or other previous 
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surgical procedures, it is possible that these 
conditions contribute to the occurrence of cata- 
ract. 

The cause of postoperative nuclear sclerotic 
lens opacities in our series is unknown. They 
could be related to the type of intraocular 
irrigating solution used during the vitrectomy. 
This seems unlikely, however, since we evaluat- 
ed two solutions with different concentrations 
of glucose, and there was no difference in the 
incidence of later nuclear sclerosis. All other 
surgeons reporting postoperative nuclear scle- 
rosis have used other commercially available 
irrigating solutions. 
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Fig. 2 (Cherfan and associ- 
ates). Kaplan-Meier life table 
analysis showing no signifi- 
cant difference in the rate of 
de novo development or pro- 
gression of nuclear sclerosis 
in the two groups of eyes 
based on whether a hypergly- 


Hyperglycemic (n=52) cemic or a normoglycemic ir- 
Normoglycemic (n=48)  rigating solution was used 
during surgery. 
30 36 


Other possible causes of nuclear sclerosis 
include light toxicity from the operating micro- 
scope or from the intraocular fiberoptic probe. 
Light toxicity could damage the lens directly or 
increase the intraocular temperature, which 
could result in lens damage. Permeability 
changes in the lens capsule induced by vitrec- 
tomy could also account for later changes in 
lens metabolism and nuclear sclerosis. Permea- 
bility changes seem most likely, since there is 
an increased incidence of nuclear sclerosis in 
severely myopic eyes and in patients with the 
Wagner-Stickler syndrome, both of which are 
associated with large fluid-filled spaces in the 







Fig. 3 (Cherfan and associ- 
ates). Kaplan-Meier life table 
analysis showing significant 
difference in the rate of de 
novo development or pro- 
gression of nuclear sclerosis 
in the operated on eyes of 
patients 50 years of age or 
younger compared to those 
older than age 50 years (P = 
.0003). 
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vitreous cavity. Also, nuclear sclerosis occurs 
most frequently as an aging change after age 50 
years when vitreous liquefaction is most evi- 
dent. 

No method is known to prevent nuclear scle- 
rosis of the lens after pars plana vitrectomy. 
Sparing more of the vitreous gel behind the 
crystalline lens could be helpful. We made no 
effort to excise the anterior part of the vitreous 
gel, although postoperative slit-lamp examina- 
tion often demonstrated little vitreous gel re- 
maining behind the posterior lens capsule. 
Also, in patients undergoing pars plana vitrec- 
tomy for proliferative diabetic retinopathy, the 
incidence of later cataract was lower than in the 
current series,’* even though the operation was 
usually longer and intraoperative and postop- 
erative complications were more frequent in 
diabetic eyes. Part of this difference may be 
related to a younger average age of patients 
undergoing vitrectomy for complications of di- 
abetic retinopathy. Still, our findings of occur- 
rence or worsening of nuclear sclerosis after 
vitrectomy have important implications, espe- 
cially in situations in which vitrectomy is 
selected as a therapeutic option, such as in 
treating primary rhegmatogenous retinal de- 
tachments. These observations also suggest 
that the origin of nuclear sclerotic cataract, 
occurring as an aging change in otherwise nor- 
mal eyes, may be related to altered lens metabo- 
lism induced by vitreous liquefaction. 
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Ultrastructural Study of Norrie’s Disease 





Laura Barlow Enyedi, B.S., Eugene de Juan, Jr., M.D., and Alicia Gaitan, B.S. 


We studied the clinicopathologic and ultra- 
structural features of a full-term infant with 
Norrie’s disease. The infant had bilateral ret- 
rolental fibrous vascular masses and retinal 
detachment with no other apparent physical 
abnormalities and no family history of ocular 
defects. A vitrectomy and a membrane peeling 
were attempted, and specimens of the retina, 
the retrolental membrane, and a vascularized 
epiretinal peripheral mass were examined by 
light and electron microscopy. The retrolental 
membrane was composed of layered collage- 
nous tissue and contained structures resem- 
bling blood vessels. Inner and outer neuro- 
blastic layers were identified in the retinal 
tissue, but no vessels were present. In the 
epiretinal mass, portions of retina and cortical 
vitreous were seen along with primitive vas- 
cular structures. The histologic appearance of 
these specimens suggests that the major path- 
ologic event of Norrie’s disease occurs in the 
retina in the third to fourth gestational 
month. We believe the subsequent ocular ab- 
normalities found in this patient were secon- 
dary to this early retinal malformation and 
did not represent a progressive ocular disor- 
der. 


Norrie’s pisease is a rare X-linked recessive 
condition characterized by congenital and pre- 
sumed progressive oculo-acoustic-cerebral de- 
generation. Blindness and bilateral white, vas- 
cularized, retrolental masses are usually noted 
shortly after birth, and patients often develop 
cataracts and opaque corneas in childhood. 
Approximately two thirds of patients with Nor- 
rie’s disease demonstrate progressive mental 
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retardation of differing degrees, and 25% to 
33% have sensorineural hearing loss of differ- 
ing severities.’ 

The pathogenesis of Norrie’s disease is un- 
known, but Warburg’ postulated that a bio- 
chemical defect disrupts the neuroectoderm in 
an early stage of development, which causes 
malformation of the organs derived from neu- 
roectoderm, including the retina, central ner- 
vous system, and parts of the inner ear. She 
regarded the failure of the secondary vitreous 
to form properly and the persistence and prolif- 
eration of the primary vitreous as secondary to 
the retinal malformation. We provide a detailed 
description of the ultrastructural findings of the 
ocular tissue removed from a patient with Nor- 
rie’s disease. 





Case Report 





A 1-week-old boy was referred to our institu- 
tion in December 1987 for examination of bilat- 
eral leukocoria. The full-term infant was the 
product of a normal pregnancy and was deliv- 
ered by cesarean section (performed because of 
previous cesarean sections). The mother had no 
history of drug or alcohol use and had received 
good prenatal care. There was no gestational 
illness or birth trauma, and the patient was an 
otherwise healthy infant. 

Anterior segment examination disclosed a 
clear cornea and shallow anterior chamber in 
both eyes. Intraocular pressure by applanation 
tonometry was normal in each eye. Vascular 
retrolental fibrous masses were noted behind 
each lens (Fig. 1). The ciliary processes were 
elongated in the right eye, and there was a 
slight red reflex (Fig. 1, left). There was no red 
reflex in the left eye (Fig. 1, right). There was no 
view posteriorly to the retina in either eye. 
Ultrasound examination showed total retinal 
detachments bilaterally with large peripheral 
retinal folds (Fig. 2). 

An examination under anesthesia disclosed a 
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Fig. 1 (Enyedi, de Juan, and Gaitan). Left, Anterior segment of the right eye showing a red reflex that is caused 
by a trough in the periphery of the retina. The retrolental tissue is slightly vascularized and the ciliary processes 
are elongated and centrally drawn. Right, Left eye showing vascularized retrolental fibrous tissue. 


retrolental vascularized membrane in the right 
eye that spread toward the ciliary body and was 
attached closely to the retina. The left eye had 
an appearance similar to the right eye with a 
central fibrous stalk that extended from behind 
the lens toward the ciliary body and a total 
retinal detachment with a slightly separated 
funnel posteriorly. 

A lensectomy, vitrectomy, and membrane 
peeling were performed in the right eye. A large 
peripheral retinal fold (or trough) was found 
superiorly and temporally (Fig. 2, top). In the 
equatorial retina, there was a vascularized 
point of retinal thickening in which a vascular- 
ized mass appeared to be connected. This mass 
was vascularized from the vitreous rather than 
from the retinal circulation. The retina ap- 
peared totally avascular. The mass was excised 
and submitted for pathologic examination. Fi- 
brovascular tissue from the retrolental space 
and a section of equatorial avascular retina 
were also submitted for examination. 

One month postoperatively, the child did not 
respond to light in either eye. The anterior 
segment examination of the right eye disclosed 
a clear cornea. Fibrous tissue secluded the pu- 
pil, and there was no view posteriorly to the 
retina. Ultrasonography of the right eye dis- 
closed persistent retinal elevation with a lay- 
ered subretinal hemorrhage posteriorly. The 
left eye was unchanged. Subsequently, the left 
eye developed a cataract, a flat anterior cham- 
ber, and a hazy cornea. A lensectomy was later 
performed to prevent the development of glau- 
coma in the left eye. 

The patient’s mother and 4-year-old sister 


were also examined. Results of ophthalmoscop- 
ic examinations were normal in both family 
members. The patient also had a 2-year-old 
sister, who was not examined but had normal 
vision. The family history disclosed no other 
ocular defects. 

The patient has subsequently shown delays 
in both motor and speech and language devel- 
opment. His hearing was found to be normal by 
brainstem auditory-evoked response audiome- 


try. 


Results 


The specimen obtained from the retrolental 
space consisted of a densely collagenous (colla- 
gen diameter of 23.5 nm and periodicity of 47.0 
nm) hypocellular layered tissue (Fig. 3, left). 
The layers were separated from each other by 
polarized cells that in some instances contained 
a lumen (Fig. 3, right). The structures were not 
typical of blood vessels in mature tissues but 
may represent an abnormal vascular prolifera- 
tion or persistence of hyaloidal vascular struc- 
tures. 

The specimen obtained from anterior retina 
was avascular and markedly disorganized. The 
outer neuroblastic layer (photoreceptor precur- 
sors) could be identified (Fig. 4), but inner and 
outer segments of photoreceptors were absent. 
The heterochromatin in these rectangular and 
irregularly shaped nuclei was distributed 
throughout the nucleus (Fig. 4, right). At the 
external limiting membrane there were small 
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Fig. 2 (Enyedi, de Juan, and Gaitan). B-scan ultrasound (top left) and schematic drawing (top right) of the right 
eye shows that the retina is detached with peripheral folds (peripheral trough). Dense anterior vitreous echoes 
are present. Ultrasonogram (bottom left) and drawing (bottom right) of the left eye showing the total retinal 
detachment and vitreous membranes. 
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Fig. 3 (Enyedi, de Juan, and Gaitan). Left, The tissue obtained from the epiretinal membrane is composed of 
layered collagenous tissue. Polarized cells separate the layers (methylene blue and basic fuchsin, X 160). Right, 
Electron micrograph of area resembling a vessel between collagen layers in the epiretinal membrane. 
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Fig. 4 (Enyedi, de Juan, and Gaitan). Left, The specimen obtained from the retina shows the darker-staining 
outer neuroblastic layer and lighter-staining inner neuroblastic layer (methylene blue and basic fuchsin, X 100). 
Right, Electron micrograph of the retina showing the outer and inner neuroblastic layers. The smaller and 
electron-dense nuclei and the dark irregularly shaped nuclei (lower) from the outer neuroblastic layer probably 
represent photoreceptor precursors. The larger round and oval nuclei (upper) are part of the inner neuroblastic 


layer of the retina (bar equals 10 pm). 


villous extensions, which may have been primi- 
tive outer segments of the photoreceptor pre- 
cursors. Proximal to the outer neuroblastic lay- 
er was a thicker area of lighter-staining nuclei, 
which may have represented the inner neuro- 
blastic layer of the retina. These nuclei were 
larger and contained less heterochromatin than 
the outer neuroblastic layer (Fig. 4). Their nu- 
cleoli were darkly stained (Fig. 4, right), and 
fibrils of 19.0 nm in diameter were present in 
the cytoplasm of these cells. There was a clear 
inner-limiting membrane present and a layer of 
dense collagenous fibrils internal to this (corti- 
cal vitreous) (Fig. 5). 

The specimen obtained from the preretinal 





Fig. 5 (Enyedi, de Juan, and Gaitan). Electron 
micrograph of the retina shows the three-layer inner- 
limiting lamina that separates the retinal tissue (R) 
from the cortical vitreous (CV) (bar equals 1 pm). 


vascular mass showed on one side the outer 
neuroblastic layer of the retina (Fig. 6, bottom). 
The nuclei of this layer were elongated, irregu- 
larly shaped, and contained dense heterochro- 
matin (Fig. 7). Internal to the outer neuroblastic 
layer were groups of nuclei that resembled the 
inner neuroblastic layer of the developing reti- 
na. These nuclei were larger than those of the 
outer neuroblastic layer, were round or oval, 





Fig. 6 (Enyedi, de Juan, and Gaitan). The preretinal 
fibrovascular mass with underlying retina. The outer 
neuroblastic layer of the retina is seen as a dark band 
at the bottom edge. The oval and round lighter- 
staining nuclei above the outer neuroblastic layer 
belong to the inner neuroblastic layer of the retina. 
Above the inner neuroblastic layer is a layer of 
cortical vitreous. An inner-limiting membrane (ar- 
rows) separates the cortical vitreous from vasoforma- 
tive tissue and red blood cells (methylene blue and 
basic fuschin, X 100). 
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Fig. 7 (Enyedi, de Juan, and Gaitan). Electron 
micrograph of the irregularly shaped nuclei of the 
outer neuroblastic layer of the retina. The micro- 
villous extensions (arrows) may represent attempts 
of the photoreceptor precursors to form primitive 
outer segments (bar equals 5 pm). 


and contained little heterochromatin (Fig. 6). A 
well-developed internal limiting lamina was 
present, and, along with a layer of cortical 
vitreous, it separated the poorly formed vascu- 
lar tissue from the retina (Fig. 8). Rough endo- 
plasmic reticulum and mitochondria were 
abundant in the vasoformative tissue. Central 
to the vasoformative tissue were many red 
blood cells, some surrounded by fibrin. 


Discussion 


The differential diagnosis of this patient in- 
cluded conditions commonly associated with 
leukocoria and infantile retinal detachment, 
such as persistent hyperplastic primary vitre- 
ous, retinopathy of prematurity, autosomal 
dominant familial exudative vitreoretinopathy, 
idiopathic retinal dysplasia, Patau’s syndrome 
(trisomy 13), incontinentia pigmenti, and Nor- 
rie’s disease. 

Persistent hyperplastic primary vitreous usu- 
ally occurs unilaterally and does not character- 
istically affect the retinal vasculature.*® The 
bilateral involvement of our patient was not 
typical of persistent hyperplastic primary vitre- 
ous, nor can the avascular retina of our patient 
be accounted for by persistent hyperplastic pri- 
mary vitreous. 

Since the patient was born at term, had a 
normal birth weight, and required no supple- 
mental oxygen, his condition was not retinopa- 


Fig. 8 (Enyedi, de Juan, and Gaitan). Electron 
micrograph of the retina subjacent to the preretinal 
tissue. The inner-limiting lamina (arrows) separates 
the retina (R) from the cortical vitreous (CV). Vaso- 
formative tissue (V) lies internal to the cortical vitre- 
ous (bar equals 5 pm). 


thy of prematurity. Although conditions have 
been reported that have a similar appearance to 
retinopathy of prematurity occurring in term 
infants without supplemental oxygen,’ we be- 
lieve that these cases do not represent retinop- 
athy of prematurity, despite the anatomic 
similarities. Moreover, although intrauterine 
factors (for example, cyanotic heart disease) 
could lead to a disease similar to retinopathy of 
prematurity in utero, these did not appear to 
exist in this child. Thus, we believe that without 
a typical history of prematurity or other risk 
factors, this and other such cases should not be 
classified as retinopathy of prematurity. 

Familial exudative vitreoretinopathy rarely 
Occurs in term infants and retinal vascular 
anomalies are usually found in the parents.’ No 
such anomalies were identified in the mother or 
sister of the patient. Moreover, avascular retina 
is not an associated finding in familial exuda- 
tive vitreoretinopathy. Idiopathic retinal dys- 
plasia occurs unilaterally, whereas our patient 
was affected bilaterally. Patau’s syndrome 
causes severe nonocular anomalies, which were 
absent in our patient.’ Finally, incontinentia 
pigmenti is seen only in females, because it 
causes death in males in utero.*” 

The most conspicuous sign of Norrie’s dis- 
ease is a dense, white, vascularized mass be- 
hind each lens. Blindness is usually observed 
early in infancy, followed by cataract formation 
and corneal degeneration in early childhood. 
Additionally, the eyes begin to shrink as the 
child grows older.’ Other commonly observed 
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changes include vitreoretinal hemorrhages, 
retinal detachment, elongated ciliary process- 
es, shallow anterior chambers, iris rubeosis, 
and iris atrophy.'’”” Our patient initially had 
congenital bilateral vascularized retrolental 
masses and bilateral congenital retinal detach- 
ments. The anterior chambers of both eyes were 
shallow, and the ciliary processes of the right 
eye were slightly elongated and centrally drawn 
(Fig. 1, left). The developmental delays ob- 
served in our patient are consistent with the 
diagnosis of Norrie’s disease, and the normal 
hearing is not inconsistent with this diagnosis. 
Although there was no family history of Nor- 
rie’s disease or other ocular diseases, the pa- 
tient’s condition seems characteristic of this 
rare disease. 

Since the patient’s condition resembled reti- 
nopathy of prematurity clinically, and because 
there was no view to the retina, a vitrectomy 
and membrane peeling were attempted. The 
severe immaturity of the retina was only fully 
appreciated subsequent to the operation and 
the histologic examination of the surgical speci- 
mens. 

The specimens demonstrated the early cessa- 
tion of retinal development characteristic of 
Norrie’s disease, which supports Warburg's’ 
belief that the ocular defects characteristic of 
Norrie’s disease are the result of an early arrest 
in embryonic retinal development. 

To determine how early in development this 
lesion occurred, it is helpful to consider the 
normal course of the embryonic development 
of the retina. By the third month of gestation, 
both the inner and outer neuroblastic layers 
have formed. The inner neuroblastic layer does 
not complete its differentiation into ganglion 
cells, amacrine cells, and Miller cells until the 
seventh month of gestation. The outer neuro- 
blastic layer does not complete its differentia- 
tion into bipolar cells, horizontal cells, and 
nuclei of rods and cones until the seventh 
gestational month. Primitive rods and cones 
form between the third and seventh months of 
gestation.” In the fourth gestational month, 
retinal blood vessels first emerge from the optic 
disk.“ In our patient, inner and outer neuro- 
blastic layers were present with some degree of 
differentiation. Rod and cone nuclei precursors 
were identified in the outer neuroblastic layer, 
but no rods or cones were present. Further- 
more, no blood vessels were found in the reti- 
na. Because of the presence of an inner neuro- 
blastic layer, rod and cone precursors in the 


outer neuroblastic layer, and the absence of 
blood vessels, we believe that some pathologic 
event occurred during the third to fourth gesta- 
tional months. 

The persistent hyaloidal vascular system 
probably occurred secondary to the retinal mal- 
formation and was the likely source of the 
fibrovascular retrolental masses.” Persistence 
and hyperplasia of the primary vitreous were 
probably also responsible for associated ocular 
findings, such as retinal detachment and vitreo- 
retinal hemorrhages.” Finally, as noted by Ap- 
ple, Fishman, and Goldberg,” many of the later 
findings in Norrie’s disease are not unique but 
rather are similar to those found in later stages 
of retinopathy of prematurity, persistent hyper- 
plastic primary vitreous, and Patau’s syn- 
drome. These nonspecific changes include cor- 
neal decompensation, cataract, elongated and 
centrally displaced ciliary processes, shallow 
anterior chambers, and phthisis bulbi. 

Warburg's! description of Norrie’s disease as 
a progressive syndrome may not be completely 
accurate, particularly with regard to the ocular 
findings. The extent of mental and hearing 
changes is difficult to document in infancy. 
Moreover, these deficits become more evident 
as the child grows older. For at least the ocu- 
lar changes, it would not appear that there 
is an ongoing degeneration. Rather, secondary 
changes occur as a result of an initial pathologic 
event to the embryonic retina. 
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OPHTHALMIC MINIATURE 
“Lonesome Charley is no judge of bears,” Jim said. “He's only got one 
eye. Of course, a bear will look bigger if you've only got one eye to look out 


gi.” 


Bartle was making a stew as they talked. The stew consisted of a squirrel 
and a few wild onions. The squirrel had been so inept as to actually fall out 
of a tree. It had landed right at his feet and he had brained it with his gun 
stock. Jim’s rejoinder took him so completely by surprise that for a moment 
he was speechless. Why would anyone suppose that the loss of one eye 
doubled the size of what one looked at? And yet, that seemed to be what his 


friend had suggested. 


Larry McMurtry, Buffalo Girls 


New York, Simon and Schuster, 1990, pp. 99 and 100 


Relatively Enhanced S Cone Function in the 


Goldmann-Favre Syndrome 


Samuel G. Jacobson, M.D., Alejandro J. Roman, B.S., Marisa I. Roman, B.S., 
J. Donald M. Gass, M.D., and John A. Parker, M.D. 


Using electrophysiologic and psychophysi- 
cal tests that measure rod, midspectral, and S 
(blue) cone function, we studied four patients 
with the Goldmann-Favre syndrome, an auto- 
somal recessive vitreoretinal degeneration. 
With spectral electroretinography, the pre- 
dominant signal was from the S cones. With 
dark-adapted perimetry, all patients had se- 
verely reduced rod sensitivities and subnor- 
mal midspectral cone sensitivities. With S 
cone perimetry, the patients had normal or 
subnormal S cone function. Sensitivity differ- 
ences between S and midspectral cones were 
significantly different from normal; there was 
relatively higher sensitivity of S cones com- 
pared to midspectral cones throughout the 
visual field. This relationship of dysfunction- 
al cone mechanisms in the Goldmann-Favre 
syndrome is similar to that in the enhanced S 
cone syndrome, a recently identified retinal 
degeneration with S cone hypersensitivity. 
The results suggest that the Goldmann-Favre 
and the enhanced S cone syndromes are link- 
ed by a common pattern of retinal dysfunc- 
tion. 


Tue GOLDMANN-FAVRE SYNDROME, described in 
1958,! is an autosomal recessive vitreoretinal 
degeneration characterized by night blindness, 
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pigmentary degeneration, macular and periph- 
eral retinoschisis, posterior subcapsular cata- 
ract, markedly abnormal or nondetectable elec- 
troretinograms, and degenerative vitreous 
changes, such as liquefaction, strands, or 
bands. Since the original description, other 
cases have been reported,”° thereby confirming 
that this is a clinically recognizable entity. The 
underlying mechanisms of this disease, howev- 
er, remain unclear. 

Recently, a retinal degeneration was identi- 
fied with an unusual pattern of retinal dysfunc- 
tion.” This retinopathy, the enhanced S cone 
syndrome, was so named because of the finding 
that the large amplitude atypical electroretino- 
grams in these patients are mediated mainly by 
S (blue) cones, and there is evidence of S cone 
hypersensitivity by psychophysical testing. 
All of these patients have night blindness, 
and some patients have cystic changes in the 
macula. 

The interesting coincidence of night blind- 
ness and cystic-appearing maculopathy in the 
two syndromes prompted us to study four pa- 
tients with the Goldmann-Favre syndrome and 
compare the results of their retinal function 
tests with those of four patients with the en- 
hanced S cone syndrome. Despite differences in 
clinical phenotype and severity of visual loss, 
all eight patients had the same functional phe- 
notype as defined by a unique relationship 
between S cone and midspectral cone sensitivi- 
ties. We propose that the Goldmann-Favre and 
enhanced S cone syndromes are not distinct 
entities but are simply recognizable pheno- 
types in a wider spectrum of clinical expression 
with a single pattern of retinal dysfunction. 


Patients and Methods 


Four patients with the Goldmann-Favre syn- 
drome, four patients with the enhanced S cone 
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syndrome, and 24 normal subjects (seven men 
and 17 women, ages 19 to 56 years) participated 
in this study. The Goldmann-Favre syndrome 
was diagnosed according to previous clinical 
descriptions of the disease.’* The patients with 
enhanced S cone syndrome, none of whom 
were included in our previous series of pa- 
tients,” met both clinical and electroretino- 
graphic criteria established for this diagnosis.* 
Conventional full-field electroretinograms 
were performed according to published tech- 
niques.” Goldmann kinetic perimetry was per- 
formed with a V, target on a 10-cd/m* white 
background; kinetic visual field area was quan- 
tified by a published method.’ Patients gave 
their informed consent to all procedures after 
full explanations were given. 

Spectral electroretinograms were elicited in 
the dark- and light-adapted (34-cd/m* white 
background) states using a _ scotopically 
matched pair of stimuli (blue filter, Wratten 98, 
at intensity setting 1.50, and yellow-orange 
filter, Wratten 16, at setting 1.00) and a stimu- 
lus pair matched for the S cones (blue filter, 
Wratten 98, and blue-green filter, Wratten 44, 
both at setting 1.25).’ A photometer and spec- 
trometer were used to measure the photopic 
flash luminances and their spectral content.’ 
The scotopic and S cone units for determining 
the matched pairs of stimuli were calculated.” 

Static threshold perimetry was performed 
with monochromatic test stimuli (all target di- 
ameters, 103 minutes) under different adapta- 
tion states using a modified automated perime- 
ter.” Two-color, dark-adapted perimetry was 
performed with 500- and 650-nm stimuli. 
Whether rods, cones, or both mediated detec- 
tion at each locus was determined from the 
sensitivity difference between the two stimulus 
colors.”"* Dark-adapted sensitivities to 500- 
and 650-nm stimuli in normal subjects were 
measures of rod-mediated function at almost 
all extrafoveal loci.” The patients had no 
rod-mediated loci but only cone-mediated or 
mixed rod- and cone-mediated function.’ For 
the patients, sensitivities to 500 nm, dark- 
adapted, were taken as estimates of rod func- 
tion, and sensitivities to 650 nm, dark-adapted, 
were measurements of longer-wavelength cone 
function. Normal subjects were tested with 650 
nm during the cone plateau of dark adaptation 
to compare with the patients’ results with 650 
nm, dark-adapted. S cone perimetry was per- 
formed with a 440-nm stimulus on a yellow 
adapting background (171 cd/m’).”*6 

Two test strategies were used for dark- 


adapted and S cone perimetry: a full-field test 
of 76 loci on a 12-degree grid,” and a central- 
field test of 49 loci on a 4-degree grid covering a 
square region of 24 degrees on a side. The 125 
sensitivities from the full-field and central-field 
test strategies were ordered by their eccentrici- 
ty from the fovea; measurements at the same 
eccentricity, irrespective of meridian, were av- 
eraged; and the resulting 27 eccentricities were 
plotted along the horizontal axis from 0 (fixa- 
tion or foveal locus) to 75 degrees. 


Results 


Clinical examination—The patients with 
Goldmann-Favre syndrome had either autoso- 
mal recessive inheritance (Cases 1 and 2) or 
were from multiplex (other affected siblings but 
no parental consanguinity) families (Cases 3 
and 4; Table). On clinical examination, they 
had severe pigmentary retinal degeneration, 
retinoschisis, some posterior subcapsular cata- 
ract (or had undergone cataract surgery), and 
degenerative vitreous changes, mainly fibrillar 
strands and condensations. Vitreous liquefac- 
tion and bands were not present.’ All four 
patients had night blindness (at least 3 log units 
of rod sensitivity loss throughout the visual 
field by dark-adapted perimetry). Visual acuity 
varied from moderately impaired (Cases 3 and 
4) to severely abnormal (Cases 1 and 2). Kinetic 
perimetry in Case 1 showed large central scoto- 
mas with the V,, target, but the total field area 
with this target was within 2 standard devia- 
tions of the mean normal. Two patients (Cases 2 
and 4) had reduced visual field area because of 
extensive midperipheral scotomas or peripheral 
field defects; one patient (Case 3) had only a 
small island in the central visual field and an 
island in the far temporal peripheral field. 

The patients with enhanced S cone syndrome 
had autosomal recessive inheritance (Case 8) or 
were from multiplex (Case 5) or simplex (the 
only affected member) families (Cases 6 and 7). 
In three of the patients, the only fundus abnor- 
malities were cystic changes in the macula with 
or without yellow flecks. One patient (Case 5) 
had pigment clumping and atrophy localized 
around the vascular arcades. There were no 
lens opacities, and no vitreous abnormalities 
were noted other than some cells. All four 
patients had night blindness, and the three 
patients who were tested with dark-adapted 
perimetry had at least 3 log units of rod sensi- 
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CLINICAL CHARACTERISTICS OF THE PATIENTS 


KINETIC 
FIELD 
AREA 


(%)* FUNDUS ABNORMALITIES 


Goldmann-Favre Syndrome 


90 Macula, R.E.: pigment clumping and atrophy; 
macula, L.E.: scar; 
superficial cysts and deep yellow lesions 
throughout retina 

Cystic maculopathy; 
pigment clumping and atrophy beyond 
vascular arcades; 
peripheral retinoschisis 

Bone spicule-like pigment, 
pigment clumping and atrophy 
around and beyond vascular arcades; 
opaque peripheral retinal vessels; 
peripheral retinoschisis 

Pigment clumping and atrophy 
around vascular arcades; 
peripheral retinoschisis* 


57 


71 


Enhanced S Cone Syndrome 


448 
CASE NO., 
FAMILY NO., 
AGE (YRS), GENETIC VISUAL 
SEX TYPE EYE ACUITY 
1, 1, 46, F Autosomal R.E. 6/200 
recessive LE. 2/200 
LERF Autosomal R.E. 20/200 
recessive LE. 20/200 
3, 2, 40, M Multiplex R.E. 20/30 
L.E. 20/40 
4, 3, 36, F Multiplex R.E. 20/30 
LE: 20/60 
5, 3, 35, M Multiplex R.E. 20/25 
LE. 20/25 
6, 4, 33, M Simplex RE. 20/60 
L.E. 20/70 
7, 5, 25, M Simplex R.E. 20/200 
L.E. 20/200 
8, 6, 49, F Autosomal R.E. NA‘ 
recessive LE NA 


97 Yellow flecks in macula and periphery; 
pigment clumping and atrophy 
around vascular arcades 

Cystic maculopathy 

93 

Cystic maculopathy; 

91 yellow flecks in macula 

NA Cystic maculopathy; 

NA yellow flecks below optic disk 


*Expressed as a percent of normal mean; 2 standard deviations below normal = 90%°; value reported is for eye that had all the 


perimetric tests in this study. 
tSimilar in both eyes unless specified. 


*Peripheral retinoschisis treated with photocoagulation at age 11 years; hyperpigmented scars are seen in this region currently. 
‘NA indicates not available, because psychophysical tests were not performed reliably. 


tivity loss throughout the visual field. Visual 
acuity varied from nearly normal (Case 5) to 
severely subnormal (Case 7). Kinetic visual 
field area with the V,, target was within the 
normal range in the three patients tested. 
Electroretinography—Figure 1 shows the pat- 
tern of electroretinograms in the dark- and 
light-adapted states in a normal subject, a pa- 
tient with enhanced S cone syndrome, and a 
patient with Goldmann-Favre syndrome. In the 
normal subject, dark-adapted responses to 
white light flashes over this intensity range 
were suprathreshold and appeared to saturate 
at the highest intensities. The typical difference 
between normal dark- and light-adapted wave- 
forms was present: the larger and slower dark- 
adapted signals represent combined rod and 


cone activity, and the smaller and faster light- 
adapted signals are cone responses.” 

All patients with enhanced S cone syndrome 
showed a pattern of responding to the white 
light stimuli that differed dramatically from 
normal. The pattern is exemplified by the elec- 
troretinograms of Case 8 (Fig. 1). The lowest 
intensity white light stimulus in the dark- 
adapted state was below threshold; with higher 
intensities the responses increased in ampli- 
tude but did not saturate. Unlike the normal 
electroretinograms, the electroretinograms of 
Case 8 under dark- and light-adapted condi- 
tions were similar in waveform shape, although 
the light-adapted signals were lower in ampli- 
tude. All patients with enhanced S cone syn- 
drome had generally similar waveform shapes 
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Fig. 1 (Jacobson and associates). Electroretinograms elicited in a normal subject (left), patient with enhanced S 
cone syndrome (Case 8; middle), and patient with Goldmann-Favre syndrome (Case 1; right). Top, The two sets 
of five responses each are to increasing intensities of white light in the dark- and light-adapted states; relative 


log units (from top to bottom) are: 0, —0.2, —0.7, 


—1.0, and —1.8. Middle, The next two responses for each 


subject are to blue and yellow-orange light flashes that are scotopically matched (1.7 log scotopic troland- 
second). Bottom, The lowest two responses are to blue and blue-green light flashes that are matched for the S 
cones. Amplitude calibrations (vertical bars, microvolts) are at the lower right of each set of responses; the 
timing calibration (horizontal bar, milliseconds) for all responses is at the extreme right. Stimulus onset occurs 


20 msec after trace onset. 


with both negative and positive components 
(amplitudes of positivity were 200 to 350 pV for 
maximum intensity white light flash, dark- 
adapted, compared with a normal mean of 470 
„V and one standard deviation of 112 pV). The 
negative component of the waveform of Case 8 
became especially prominent at higher intensi- 
ties. 

Patients with Goldmann-Favre syndrome 
showed a range of electroretinogram ampli- 
tudes from sizable (Cases 1 and 2; 150 and 30 
uV, respectively, of positivity to maximum 
white light, dark-adapted) to barely measura- 
ble (Case 4) to nondetectable (Case 3). The 
responses in Case 1 to white light stimuli were 
mainly negative, and the waveforms were simi- 
lar under dark- and light-adapted conditions 
(Fig. 1). The responses in Case 2 had the same 
characteristics but were smaller in amplitude. 
This pattern was the same as in the patients 
with enhanced S cone syndrome, and it differed 
remarkably from normal. 

Chromatic stimuli in the dark- and light- 


adapted states clarified which photoreceptor- 
mediated mechanisms were responsible for the 
waveforms elicited with white light stimuli 
(Fig. 1). Scotopically matched blue and yellow- 
orange stimuli in the dark-adapted state evoked 
responses of similar amplitude in the normal 
subject. In the light-adapted state, there was a 
much larger signal to yellow orange than to 
blue, as expected with these rod-matched stim- 
uli, since the responses are derived mainly from 
the midspectral cones.” In both the patients 
with enhanced S cone syndrome and the pa- 
tients with Goldmann-Favre syndrome, the 
rod-matched stimuli were mismatched in the 
dark- and light-adapted states, with much larg- 
er and slower responses to blue than to yellow- 
orange stimuli occurring under both states of 
adaptation.’ This indicated that the waveforms 
were not mediated mainly by the rods. 

S cone—matched blue and blue-green stimuli 
did not elicit matched responses in the normal 
subject under either dark- or light-adapted con- 
ditions (Fig. 1). In contrast, both patients had 
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well-matched responses to these stimuli in both 
the dark- and the light-adapted states (the 
dark-adapted responses to blue green were 
slightly larger in amplitude, which suggested 
there might have been a contribution from the 
rod system’). These results indicate that the 
electroretinograms in the patients with en- 
hanced S cone syndrome and Goldmann-Favre 
syndrome were mediated predominantly by the 
S cone system. 

Psychophysics—Figure 2 shows results of rod 
(500 nm, dark-adapted), midspectral cone (650 
nm, dark-adapted), and S cone (440 nm, yellow 
background) perimetry plotted against eccen- 
tricity in normal subjects, one patient with the 
enhanced S cone syndrome, and three patients 
with the Goldmann-Favre syndrome. 

The patient with enhanced S cone syndrome 
(Case 6) showed at least 3 log units of rod 
sensitivity loss across the visual field. Midspec- 
tral cone sensitivity was reduced slightly more 
than 2 standard deviations below the mean 
normal at almost all eccentricities. S cone sensi- 
tivities are normal in the central 10 degrees and 
higher than normal at most other eccentricities. 
The results in Case 7 were similar to those in 
Case 6, except the central area of normal S cone 


ENHANCED S CONE SYNDROME 


PATIENT 6 PATIENT 1 


Sensitivity [dB] 





0 10 20 30 40 50 60 70 
Eccentricity [deg] 


O 10 20 30 40 50 60 70 








sensitivities extended to about 25 degrees. The 
results in Case 5 differed by showing some S 
cone hypersensitivity and normal midspectral 
cone sensitivity in the central 10 degrees and a 
scotomatous region for all mechanisms be- 
tween about 15 and 30 degrees (corresponding 
to the localized fundus pigmentary change, 
Table). 

In the patients with enhanced S cone syn- 
drome, S cone function in the central 30 de- 
grees of visual field was usually normal or 
supernormal, or both. Beyond the central 30 
degrees, there was S cone hypersensitivity at 
more than two thirds of the test loci with most 
of the remaining loci showing normal sensitivi- 
ty. Only a few central and peripheral loci had 
subnormal S cone sensitivity in patients with 
this diagnosis. 

Patients with Goldmann-Favre syndrome had 
more severe dysfunction than patients with 
enhanced S cone syndrome (Fig. 2). In Case 1, 
for example, there were markedly subnormal 
rod and midspectral cone sensitivities in the 
central 30 degrees and slightly better function, 
albeit still subnormal, at greater eccentricities. 
S cone sensitivities were subnormal centrally 
but fell within the normal range in the periph- 


GOLDMANN-FAVRE SYNDROME 
PATIENT 4 


PATIENT 3 


Fig. 2 (Jacobson and associ- 
ates). Sensitivities (decibels, 
dB) at different eccentricities 
(degrees, deg) to 500-nm (up- 
per panels) and 650-nm (mid- 
dle panels) stimuli, dark- 
adapted (DA), and to 440 nm 
on a yellow background (YB, 
lower panels) in a patient 
with enhanced S cone syn- 
drome (Case 6) and three pa- 
tients with Goldmann-Favre 
syndrome (Cases 1, 4, and 3; 
data in Case 3 corrected for 
aphakia"). Solid lines are 
data for ten normal subjects 
(ages 19 to 56 years) and de- 
limit 2 standard deviations 
above and below the mean 
normal. 
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eral field. The findings in Cases 3 and 4 differed 
from those in Case 1 in the regional retinal 
distribution of the disease. Central function 
was severely reduced for rods but only slightly 
subnormal for midspectral cones and within 
the normal range for S cones. In Case 4, there 
was measurable sensitivity to an eccentricity of 
about 50 degrees, but in Case 3, function was 
limited to a relatively small central island. 

In the patients with Goldmann-Favre syn- 
drome, there was mainly normal and subnor- 
mal S cone function throughout the visual field. 
Except for a few loci in the peripheral field of 
one patient, there was no S cone hypersensitivi- 
ty in patients with this diagnosis. 

Even though patients with Goldmann-Favre 
syndrome showed little or no S cone hypersen- 
sitivity, we noted that S cone sensitivities ap- 
peared to be relatively higher than midspectral 
cone sensitivities, an abnormal relationship of 
cone mechanisms, which is the opposite of 
what has been reported to occur in other ocular 
diseases." This effect was also evident in 
regions of the visual field without S cone hyper- 
sensitivity in the patients with enhanced S cone 
syndrome. We hypothesized that there may bea 
predictable relationship between S cone and 
midspectral cone function in both enhanced S 
cone and Goldmann-Favre syndrome, indepen- 
dent of the level of dysfunction. To test the 
hypothesis, we calculated the sensitivity differ- 
ences between 440 nm on the yellow adapting 
field and 650 nm in the dark-adapted state at all 
test loci with measurable function. 

The sensitivity differences between S cones 
and midspectral cones in the two groups of 
patients are plotted in Figure 3 as a function of 
eccentricity and compared with normal data. In 
normal subjects, the sensitivity differences av- 
eraged about —10 dB at most eccentricities. The 
patients with enhanced S cone syndrome and 
the Goldmann-Favre syndrome could have a 
normal sensitivity difference at the foveal lo- 
cus, but at all other eccentricities the differenc- 
es clustered near 0 dB, more than 2 standard 
deviations higher than the mean normal. Even 
in the presence of severe visual loss, the rela- 
tionship between S cone and midspectral cone 
function differed significantly from normal. 


Discussion 


We have shown that two clinically recogniz- 
able phenotypes, the Goldmann-Favre syn- 
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Fig. 3 (Jacobson and associates). Sensitivity differ- 
ences between 440 nm ona yellow background (YB) 
and 650 nm, dark-adapted (DA), at different eccen- 
tricities for patients with enhanced S cone syndrome 
(top) and Goldmann-Favre syndrome (bottom). Case 
1, filled circles; Case 2, filled triangles; Case 3, filled 
squares (corrected for aphakia’’); Case 5, unfilled 
circles; Case 6, unfilled squares; and Case 7, unfilled 
triangles. Solid lines are normal data that delimit 2 
standard deviations above and below the mean nor- 
mal sensitivity differences. 


drome and the enhanced S cone syndrome, 
share a pattern of retinal dysfunction defined 
by a unique relationship between S cone and 
midspectral cone function. With electroreti- 
nography to white light stimuli, patients from 
both diagnostic categories had abnormal wave- 
forms that were similar under dark- and light- 
adapted conditions. With spectral electroreti- 
nography, the pattern of results in all patients 
with measurable signals was the same and 
suggested relatively greater S cone than mid- 
spectral cone function. Furthermore, psycho- 
physical testing showed an identical relation- 
ship between S cone and midspectral cone 
sensitivities in patients with enhanced S cone 
and Goldmann-Favre syndrome independent of 
the dimension of their visual field and the 
severity of dysfunction within it. Another clue 
that the enhanced S cone and Goldmann-Favre 
syndromes are related comes from finding the 


452 AMERICAN JOURNAL OF OPHTHALMOLOGY 


April, 1991 





two syndromes in one family. In Family 3, one 
sibling fulfilled diagnostic criteria for the en- 
hanced S cone syndrome and the other for the 
Goldmann-Favre syndrome. 

Our results show sufficient overlap in clinical 
and functional characteristics of the two diag- 
nostic categories to warrant the speculation 
that the Goldmann-Favre and enhanced S cone 
syndromes are not distinct entities but simply 
two identifiable phenotypes in a wide spectrum 
of clinical expression of retinal degenerative 
disease with a single pattern of retinal dysfunc- 
tion. The clinical expression varies from appar- 
ently localized macular or paravascular degen- 
erative changes to extensive central and 
peripheral retinal degeneration with retinos- 
chisis and vitreous degeneration. All patients 
had night blindness, but regional retinal varia- 
tion of severity of the disease led to a range of 
abnormalities in visual function from mild vis- 
ual acuity losses to large central scotomas, from 
nearly full visual fields to tunnel vision, and 
from supernormal light-adapted electroretino- 
grams to nondetectable signals under any con- 
dition. 

Further understanding of the complete spec- 
trum of clinical and functional manifestations 
of this retinopathy will occur with identifica- 
tion of other patients. To distinguish definitive- 
ly this retinopathy from other disorders, some 
method to assess S cone function and relate it to 
midspectral cone function is required. A num- 
ber of clinically feasible techniques for S cone 
electroretinography and S cone perimetry have 
been described." These techniques have 
mainly been used to investigate various ocular 
diseases that manifest reduced S cone function 
relative to midspectral cone function, the oppo- 
site pattern to what we have found in this study. 
Two methods, one electroretinographic’ and 
the other perimetric,“ have been used for diag- 
nosis of the enhanced S cone syndrome and 
may be more convenient in a clinical setting 
than the techniques that isolate individual pho- 
toreceptor mechanisms. Both these electroreti- 
nographic and perimetric screening tests use 
the same general principle: a short-wavelength 
stimulus and a longer-wavelength stimulus 
were selected to produce equal responses in 
normal subjects under light-adapted condi- 
tions, and these stimuli in patients with en- 
hanced S cone syndrome elicited unequal re- 
sponses, with better responses occurring to the 
shorter-wavelength stimulus.*** We applied 
this electroretinographic test to two patients 
with Goldmann-Favre syndrome (Cases 1 and 


2) and the perimetric test to two patients (Cases 
2 and 3), and the tests proved sensitive enough 
to detect the dysfunctional mechanism even in 
these relatively severely affected patients. 

This study cannot answer the question of 
whether the different clinical phenotypes with 
this autosomal recessively inherited pattern of 
retinal dysfunction are variations in expression 
of a single gene defect or examples of genetic 
heterogeneity. This awaits determination of the 
exact cellular and molecular bases of the rela- 
tively higher sensitivity of S cone to midspec- 
tral cone function in these patients. 
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OPHTHALMIC MINIATURE 

Christmas in the jungle passed virtually unnoticed, with the usual 
problems unabated: there were more desertions among the porters, the 
going was difficult, and eye problems seemed to strike almost everyone, an 
“unpleasant phenomenon,” as Burton called the affliction. 

“My companion .. . now began to suffer from an inflammation of a low 
type, affecting the whole of the interior tunic of the eyes, particularly the 
iris, the choroid coat, and the retina; he described it as an almost total 
blindness, rendering every object enclouded as by a misty veil.” 

Edward Rice, Captain Sir Richard Francis Burton 


New York, Macmillan, 1990, p. 299 





Early-Onset Autosomal Dominant Retinitis Pigmentosa 


With Severe Hyperopia 


Byron L. Lam, M.D., and G. Frank Judisch, M.D. 


We studied a four-generation family with 
early-onset autosomal dominant retinitis pig- 
mentosa, severe hyperopia, and axial eye 
lengths of less than 20 mm. The affected mem- 
bers had decreased vision, night blindness, 
typical peripheral retinal pigmentary chang- 
es, and electroretinographic abnormalities 
characteristic of retinitis pigmentosa. This 
pedigree suggests there is another variant of 
retinitis pigmentosa associated with hypero- 
pia besides Leber’s congenital amaurosis and 
preserved para-arteriole retinal pigment epi- 
thelium. 


Except ror PATIENTS with Leber’s congenital 
amaurosis and those with preserved para-arter- 
iole retinal pigment epithelium, patients with 
retinitis pigmentosa almost always have myo- 
pia.™* We treated a family with early-onset 
autosomal dominant retinitis pigmentosa and 
moderate to severe hyperopia with short axial 
eye lengths. 


Patients and Methods 


Five affected members of a family with retini- 
tis pigmentosa have been examined at our insti- 
tution since 1969. A thorough family history 
was obtained. The inheritance pattern was con- 
sistent with autosomal dominant disease (Fig. 
1). Four affected members (III-4, IV-7, IV-8, and 
IV-9) were followed up for at least five years. 
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Current information on Patient Il-2 was ob- 
tained locally. Complete ophthalmic examina- 
tions, including keratometry and ultrasonic ax- 
ial eye length measurements, were performed 
on the four affected members and four other 
nonaffected members (II-3, III-2, III-3, and 
IV-3). Goldmann visual fields, electroretino- 
grams, and dark adaptation were performed on 
some affected family members. 


Results 


The five affected members had decreased cen- 
tral and night vision (Table). Visual fields were 
constricted, scotopic electroretinograms were 
nonrecordable, and dark adaptation thresholds 
were increased. Fundus changes characteristic 
of retinitis pigmentosa, including patchy reti- 
nal pigment epithelium depigmentation, cys- 
toid macular edema with an inner retinal hole, 
pigment clumping (bone spicules), early optic 
atrophy, and vascular attenuation, were noted 
(Fig. 2). The onset of symptoms and signs of the 


1 2 
a 
1 2 3 4 
II Eta ia, 
1 2 3 4 
n JTO a 


1 2 3 4 5 6 

WwW AD Eh tee 

Fig. 1 (Lam and Judisch). Pedigree of family with 
retinitis pigmentosa associated with hyperopia. 
Squares indicate males and circles indicate females; 
solid symbols indicate affected; a slash through the 
symbol indicates deceased; an X above the symbol 
indicates examined. 
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PATIENT 
NO. 


Il-1t 


I-27 


Il-3 


Ill-2 


Ill-3 


Ill-4t 


IV-3 


IV-7t 


IV-8t 


IV-9t 


DATE 

OF LAST AGE 
EXAMINATION (YRS) 
9/69 41 
4/89 65 
7/90 54 
6/90 37 
7/89 39 
6/90 31 
7/90 12 
6/90 16 
6/89 11 
12/89 9 
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DATA ON TEN MEMBERS OF A FAMILY WITH RETINITIS PIGMENTOSA* 


VISUAL 
ACUITY 


LP 
20/70 
LP 
HM 
20/25 
20/25 
20/20 
20/20 
20/20 
20/20 
20/40 
20/50 
20/20 
20/20 
20/30 
20/30 
20/30 
20/40 
20/40 
20/40 


CYCLOPLEGIC 
RÉFRACTION 


Mature cataract 
Aphakia 

Aphakia 

Aphakia 

+2.25 +1.50 x 85 
+4.00 sphere 
—3.00 +1.00 x 90 
—1.75 +0.25 x 90 
Plano 

+0.25 sphere 
+4.00 +1.50 x 90 
+4.25 +1.00 x 90 
Plano 

Plano 

+3.75 +2.00 x 90 
+4.00 +2.00 x 85 
+8.25 +1.50 x 92 
+8.25 +1.25 x 90 
+6.50 +2.00 x 105 
+7.25 +2.00 x 95 


KERATOMETRY 


NA 


NA 


43.00 x 45.50 x 90 
43.50 x 45.00 x 99 


44.00 x 45.75 x 93 
44.25 x 45.50 x 92 


44.25 x 45.00 x 90 
44.25 x 45.00 x 90 


45.00 x 47.75 x 92 
45.00 x 47.00 x 92 


43.25 x 44.25 x 99 


43.50 x 43.75 x 100 


45.50 x 47.75 x 95 
45.00 x 48.00 x 92 
45.75 x 47.75 x 90 
45.75 x 47.75 x 90 
46.25 x 49.50 x 90 
46.25 x 49.50 x 90 


AXIAL EYE 
LENGTH (mm) VISUAL FIELDS 


NA 


NA 


21.21 
21.23 
23.46 
22.97 
23.27 
23.17 
19.35 
19.25 
23.21 
22.94 
19.60 
19.60 
17.91 
17.89 
18.39 
18.21 


GOLDMANN 


NA 

NA 

NA 

NA 

NA 
Constricted 
Constricted 

NA 
Constricted 


Constricted 


Constricted 
Constricted 


NA 


ELECTRORETINOGRAM 


NA 

NA 

NA 

NA 

NA 
Nonrecordable 
Scotopic electroretinogram 

NA 
Nonrecordable 


Scotopic electroretinogram 


Dark adaptation 
Increased 2.0 log units 


NA 





*LP indicates light perception and HM indicates hand motions. NA indicates not available. 


tAffected members. 


retinitis pigmentosa occurred in the first decade 
in all patients. 

The four affected members (III-4, IV-7, IV-8, 
and IV-9) had moderate to severe hyperopia. 
The mean spherical equivalent was + 6.61 diop- 
ters (standard deviation, 1.97 diopters) as com- 





pared to +0.39 diopters (standard deviation, 
2.16 diopters) for the four unaffected members 
(II-3, III-2, II-3, and IV-3). Other unaffected 
members did not wear spectacles. The axial eye 
lengths of the four affected members were all 
less than 20 mm, which suggests that much of 





Fig. 2 (Lam and Judisch). Left, Patient IV-9 at age 9 years showing early foci of depigmentation and a cysticlike 
fovea with inner retinal hole. Right, Patient III-4 at age 31 years showing prominent patchy depigmentation with 
granularity, peripheral pigment clumping (bone spicules), retinal vascular narrowing, and early optic atrophy. 
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the hyperopia was probably axial. Although 
Patient II-3 was somewhat hyperopic, her axial 
eye length was greater than 21 mm. 

Patients II-1 and II-2 developed cataracts in 
the fifth decade and had aphakia. They had 
worn thick magnifying spectacles before cata- 
ract development and most probably had hy- 
peropia also. 


Discussion 


With two exceptions, patients with Leber’s 
congenital amaurosis and those with preserved 
para-arteriole retinal pigment epithelium, pa- 
tients with retinitis pigmentosa almost invaria- 
bly have myopia.’“ Sieving and Fishman’ found 
that myopia occurred in 201 of 268 eyes with 
retinitis pigmentosa (75%) as compared to 12% 
in a normal population, and the refractive er- 
rors ranged from +4.50 to —16.25 diopters. 

Hyperopia has been suggested as a feature to 
distinguish retinitis pigmentosa from Leber’s 
congenital amaurosis, because patients with 
Leber’s congenital amaurosis usually have 
moderate to severe hyperopia.'® Likewise, pa- 
tients with retinitis pigmentosa with preserva- 
tion of para-arteriole retinal pigment epitheli- 
um are the only other exception to the 
association between myopia and retinitis pig- 
mentosa. Both Leber’s congenital amaurosis 
and preserved para-arteriole retinal pigment 
epithelium are usually autosomal recessive dis- 
orders.*” 

All affected members available for examina- 
tion had moderate to severe hyperopia with 
spherical equivalents of greater than 4.50 diop- 
ters. Two others had hyperopia by history. Al- 
though the retinitis pigmentosa in this family 
tended to manifest itself in the first decade, 
none of the affected members had features of 
Leber’s congenital amaurosis,’ such as apparent 
blindness from early infancy or nystagmus, and 
visual acuities were all better than 20/50. 
There was no evidence of preserved para-arter- 
iole retinal pigment epithelium. 

Additionally, the affected family members 
had axial eye lengths of less than 20 mm. 
Mackay and associates described seven pa- 
tients from a kinship who all had nanophthal- 
mos, cystic macular degeneration, and angle- 


closure glaucoma. The inheritance pattern, 
however, was autosomal recessive. Hermann’ 
described a family with autosomal dominant 
occurrence of nanophthalmos, angle-closure 
glaucoma, and retinal degeneration. The affect- 
ed members all had myopia. 

Hyperopia is a useful clinical sign in distin- 
guishing most cases of retinitis pigmentosa 
from Leber’s congenital amaurosis. Our pedi- 
gree, however, shows that early-onset autoso- 
mal dominant retinitis pigmentosa may be 
associated with hyperopia, which further 
supports the consensus of genetic heterogenei- 
ty in retinitis pigmentosa. Further study is 
necessary to determine if this pedigree is an 
example of close linkage between retinitis pig- 
mentosa and hyperopia genes or of other as yet 
unappreciated factors. 
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Corneal Ulcer and Adverse Reaction Rates in Premarket 


Contact Lens Studies 
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Richard Lippman, O.D., David Whipple, B.S., Elisabeth Cohen, M.D., 
Donald Egan, O.D., Charles P. Wilkinson, M.D., Clifford Scott, O.D., 

Ronald Smith, M.D., and Dave Phillips, Ph.D. 


We analyzed clinical data on 22,739 contact 
lens wearers who were studied and whose 
lenses were approved under 48 manufacturer- 
sponsored studies for the Food and Drug 
Administration between 1980 and 1988. The 
incidence of corneal ulcers was low in the 
cosmetic (nontherapeutic) daily-wear soft and 
rigid gas-permeable lens wearers (1/1,923 and 
1/1,471 patient-years, respectively). Corneal 
ulcers and severe adverse reactions occurred 
two to four times more frequently in extend- 
ed-wear cosmetic soft and rigid gas-perme- 
able lens wearers than in cosmetic daily-wear 
lens wearers. Aphakic extended-wear soft 
lens users were nine times more likely to 
develop a corneal ulcer when compared to the 
soft daily-wear cosmetic group. Corneal abra- 
sions and keratitis accounted for 81 of 159 
severe adverse reactions, whereas corneal ul- 
cers accounted for 28 of 159 adverse reactions. 
The data indicate that overnight extended 
wear of contact lenses is associated with a 
greater risk of serious, sight-threatening com- 
plications than daily wear. 


Since THEIR APPROVAL IN 1981, extended-wear 
soft lenses have been associated with an in- 
crease in complications, including an estimated 
8,000 corneal ulcers per year.’ The use of cos- 
metic extended-wear soft lenses represents a 
significant preventable public health problem 
in the United States.” 


Accepted for publication Jan. 17, 1991. 
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We reviewed summary reports on 22,739 pa- 
tients who were being periodically observed in 
Food and Drug Administration premarket ap- 
proval investigations. These studies provided 
an estimate of the relative frequency of serious, 
sight-threatening complications induced by 
contact lenses. The studies took place over an 
eight-year period (1980 through 1988) and in- 
cluded daily- and extended-wear soft and rigid 
gas-permeable contact lens groups who wore 
these lenses for cosmetic (nontherapeutic) or 
aphakic indications. Soft and rigid gas-perme- 
able lenses are classified by the Food and Drug 
Administration as class III devices. Class III 
devices require a premarket approval investiga- 
tion for Food and Drug Administration appro- 
val. All 48 lenses studied are currently ap- 
proved by the Food and Drug Administration 
after premarket approval investigations. We 
evaluated five major contact lens categories 
with the exception of polymethylmethacrylate 
lenses, which are class I devices. Class I devices 
do not require a premarket approval investiga- 
tion. 


Patients and Methods 


Food and Drug Administration premarket ap- 
proval investigations are initiated when a con- 
tact lens manufacturer wishes to obtain Food 
and Drug Administration approval of a new 
contact lens. The manufacturer will provide 
data regarding the relative safety and efficacy of 
the new contact lens by performing a study on 
several hundred eyes over a fixed period of time 
(usually three to 24 months). The patients are 
monitored with scheduled ocular examinations 
at regular intervals, and the findings are docu- 
mented and submitted at each visit for the 
manufacturers to tabulate. 
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We reviewed 48 consecutive contact lens pre- 
market approval applications and Food and 
Drug Administration summary reports submit- 
ted between 1980 and 1988, which were recom- 
mended for approval by the Food and Drug 
Administration’s Ophthalmic Devices Panel. 
The contact lenses were categorized into five 
groups: daily-wear soft, daily-wear rigid gas- 
permeable, extended-wear soft, extended-wear 
rigid gas-permeable, and aphakic extended- 
wear soft. 

The first four groups wore lenses for cosmetic 
indications, including the correction of hypero- 
pia, myopia, and astigmatism. The aphakic ex- 
tended-wear soft contact lens group wore lens- 
es for visual rehabilitation after cataract 
surgery. 

Inclusion criteria for the cosmetic lens studies 
were determined by each individual manufac- 
turer. In general, the subjects had healthy eyes. 
Patients with preexisting ocular diseases, such 
as glaucoma, uveitis, and the like, were exclud- 
ed. Patients could have worn lenses previously. 
Generally, younger adults were included in the 
cosmetic lens studies when compared to the 
aphakic group. Direct age comparisons, howev- 
er, were not possible. 

Patients with aphakia were enrolled into the 
study as determined by the practitioner. Manu- 
facturers generally encouraged practitioners to 
select patients with otherwise healthy eyes; 
however, patients with underlying ocular dis- 
eases may have been entered at the discretion of 


the physician after considering the patients’ 
needs. 

Overall, patient completion rates were deter- 
mined by dividing the number of patients who 
completed the study by the number of patients 
enrolled. Patients who did not complete the 
study were generally in one of two categories. 
The first category included those patients who 
were discontinued from the study because of 
inability to wear the lenses, disinterest, or an 
adverse reaction. The second category included 
those who were enrolled in the study but who 
did not finish the study because the manufac- 
turer had enough patients to fulfill Food and 
Drug Administration requirements. Data from 
both groups who did not complete the study 
were included in the analysis. Since this is how 
the data were and are currently reported to the 
Food and Drug Administration, subset data 
comparing patients who discontinued and com- 
pleted the studies are not available. 

Definitions—Adverse reactions were defined 
as a serious, sight-threatening complication 
(Table 1). Corneal ulcers were defined as a 
break in the corneal epithelium with a sur- 
rounding gray or white opacity. Corneal infil- 
trates were defined as faint, gray or white cor- 
neal opacities with or without faint overlying 
staining but with the overlying epithelium still 
intact. 

The 1988 Food and Drug Administration slit- 
lamp classification scale (guidance document 
for class III contact lenses) was used to define 


TABLE 1 
SEVERE ADVERSE REACTIONS 





SEVERE SEVERE CORNEAL 


CONTACT CORNEAL  UVEITIS/ ABRASION/ 
LENS GROUP ULCER IRITIS KERATITIS 
Daily soft 1 — 4 
(N = 8) 
Daily rigid gas permeable 1 — 3 
(N = 6) 
Extended soft 13 1 22 
(N = 64) 
Extended rigid gas permeable 3 1 11 
(N = 21) 
Aphakic extended soft 10 o 41 
(N = 60) 
Total 28 2 81 
(N = 159) 


SEVERE SEVERE 


CORNEAL PANNUS CORNEAL SEVERE 
INFILTRATE SCARRING EDEMA VASCULARIZATION OTHER 
3 = w S = 
= was z 2 _ 
1 2 — 5 20 
3 -- -- 1 2 
— — 6 — 3 
7 2 6 8 25 
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the complications. Corneal abrasion, keratitis, 
or both were defined as grade III (moderate, 
corneal staining defined as significant dense 
coalesced staining or abrasion or foreign body 
tracks) or grade IV (severe, corneal staining 
defined as severe abrasions or epithelial loss of 
full-thickness abrasion) corneal staining. Se- 
vere corneal neovascularization was defined as 
segmented or circumscribed extensions of lim- 
bal vessels more than 2.5 mm inside the corneo- 
scleral limbus or extension to within 3.0 mm of 
the corneal apex. Severe corneal edema was 
defined as advanced localized or generalized 
edema with more than 50 vacuoles (micro- 
cysts), epithelial bullae, epithelial sloughing, or 
a combination of these. Severe iritis and uveitis 
were defined as marked cells, flare, or both in 
the anterior chamber. Severe pannus was not 
defined in the 1988 guidelines but was reported 
by several investigators. Adverse reactions 
were categorized based on the findings noted in 
the premarket approval report. If a serious, 
sight-threatening complication was reported 
without detailed documentation, it was classi- 
fied as “other.” 

The annual severe adverse reaction rates 
were calculated by dividing the number of ad- 
verse reactions by the number of patient-years 
of exposure. 


We were unable to obtain exact calculations 
on the duration of participation by each patient 
who did not complete the study. The duration 
of participation by each patient was not includ- 
ed because these data were not required or 
collected by the Food and Drug Administration. 

The number of patient-years of exposure was 
therefore estimated by assuming that patients 
who did not complete each study wore their 
lenses, on an average, one half the duration of 
the study. This can be expressed by the follow- 
ing formula: 


Duration Duration 
(patients + (patients enrolled- 
Patient- completed) patients completed) 
years of = 
exposure - 


A separate analysis using Fisher's exact test 
(P < .025) of six-month duration premarket 
approval studies was performed by comparing 
each lens group with more than 1,000 patients 
enrolled that had been investigated using that 
duration of study (Table 2). Similarly, Fisher's 
exact test (P = .025) was performed on two 
groups (extended-wear soft contact lenses and 
extended-wear rigid gas-permeable lenses), 
which had more than 1,000 patients who were 
studied for 12 months (Table 3). 

To determine the effect of study duration on 
complication rates, the six-, 12-, and 24-month 


Adverse studies of the extended-wear soft contact lens 
reaction = Number of adverse reactions group were compared (Table 4). Fisher's exact 
rate Patient-years of exposure test (P < .025) was used to determine any 
TABLE 2 
SIX-MONTH STUDIES 
sigs ee hb nimple mite as anata 
SEVERE 
NO.OF | ADVERSE CORNEAL ABRASION/ ADVERSE REACTION CORNEAL ULCER  ABRASION/KERATITIS 
CONTACT PATIENTS REACTIONS ULCERS KERATITIS RATE/ RATE/ RATE/ 
LENS GROUP ENROLLED (TOTAL) (TOTAL) (TOTAL)  PATIENT-YEARS (%) | PATIENT-YEARS (%) — PATIENT-YEARS (%) 
Daily soft 3,591 8 1 1/189 1/1,511 1/378 
(0.0053) (0.0007) (0.0026) 
Daily rigid 3,907 6 1 1/244 1/1,464 1/488 
gas permeable (0.0041) (0.0007) (0.0020) 
Extended soft* 1,276 7 2 1/70 1/244 1/122 
(0.0144) (0.0041) (0.0082) 
Aphakic extended soft? 4,436 59 9 41 1/28 1/185 1/41 
(0.0354) (0.0054) (0.0246) 


a URE UES EEE 


*The extended soft group had a significantly higher adverse reaction rate compared to the daily rigid gas-permeable group, P = .025. 
tThe aphakic extended soft group had significantly higher rates of adverse reaction and severe abrasion/keratitis when compared to 


daily soft, daily rigid gas permeable, and extended soft, P = .025. 
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TABLE 3 
TWELVE-MONTH STUDIES* 





NO. OF ADVERSE CORNEAL  ABRASION/ 
CONTACT PATIENTS REACTIONS ULCERS 
LENS GROUP ENROLLED (TOTAL) (TOTAL) (TOTAL) 
Extended soft 1,989 9 3 
Extended rigid? 1,568 21 3 


gas permeable 


KERATITIS 


SEVERE 
ADVERSE REACTION CORNEAL ULCER ABRASION/KERATITIS 
RATE/ RATE/ RATE/ 
PATIENT-YEARS (%) | PATIENT-YEARS (%) PATIENT-YEARS (%) 


1/184 1/522 1/414 
(0.0054) (0.0018) (0.0024) 
1/60 1/419 1/114 
(0.0167) (0.0024) (0.0088) 





*Note that the adverse reaction, corneal ulcer, and severe abrasion are calculated using patient-years as the denominator. Since the 
calculation of patient-years factors in discontinued patients, patient complication rates cannot be obtained by simply dividing the 


number of complications by the total number of patients enrolled. 


"The extended rigid gas-permeable group had a significantly higher adverse reaction rate and severe abrasion/keratitis rate 


compared to the extended soft group, P = .025. 


significance between different duration catego- 
ries. 

Pearson’s r correlation was performed be- 
tween corneal abrasion and keratitis and corne- 
al ulcers in the five groups studied. 





Results 





The number of patients in the extended-wear 
rigid gas-permeable lens group (1,568) was 
smaller than the other lens groups, because 
these lenses were introduced relatively late in 
the study (1987; Table 5). The average number 
of patients enrolled for all studies was 474. The 
aphakic extended-wear soft contact lens and 
extended-wear soft contact lens groups each 
had one study with over 1,100 patients en- 
rolled. The aphakic extended-wear soft contact 
lens group had one study of 2,728 patients 
enrolled, which accounted for 60% of the total 


aphakic extended-wear soft contact lens popu- 
lation. 

There were 22,739 patients enrolled for all 48 
studies. Approximately 58% completed the pre- 
requisite study durations. The mean duration of 
the studies for each group ranged between 4.3 
and 13.6 months (Table 6). The extended-wear 
groups were studied for longer periods (six to 
24 months) than the daily-wear groups (4.3 to 
6.0 months), because extended-wear lenses 
were a new modality, and the Food and Drug 
Administration believed that they warranted 
more extensive testing than the daily-wear lens 
regimen. 

There were 159 severe adverse reactions re- 
ported in the 48 lens studies (Table 1). The most 
common adverse reaction was corneal abrasion 
and keratitis, which accounted for 81 of 159 
(51%) of all adverse reactions. The next most 
commonly reported adverse reaction was cor- 
neal ulcers, which accounted for 28 of 159 
(18%) of all adverse reactions. Severe corneal 


TABLE 4 
EXTENDED-WEAR SOFT CONTACT LENS STUDIES OF VARYING DURATION 


eee CC reer SESE 


SEVERE 
CONTACT NO. OF ADVERSE CORNEAL ABRASION/ ADVERSE REACTION CORNEAL ULCER ABRASION/KERATITIS 
LENS PATIENTS REACTIONS ULCERS KERATITIS RATE/ RATE/ RATE/ 
GROUP MONTHS ENROLLED (TOTAL) (TOTAL) PATIENT-YEARS (%) PATIENT-YEARS (%) PATIENT-YEARS (%) 
Extended soft < 1,276 7 2 1/70 1/244 1/122 
(0.0144) (0.0041) (0.0082) 
Extended soft 12 1,989 9 3 1/184 1/522 1/414 
(0.0054) (0.0018) (0.0024) 
Extended soft 24 3,499 48 8 1/104 1/627 1/358 
(0.0096) (0.0016) (0.0028) 
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TABLE 5 
TOTAL NUMBER OF PATIENTS ENROLLED IN 
PREMARKET APPROVAL STUDIES AND PATIENT 
COMPLETION RATES FOR CONTACT LENS WEARING 





GROUPS 
COMPLETION RATE 
CONTACT NO.OF PATIENTS (COMPLETED/ENROLLED) 
LENS GROUP STUDIES* ENROLLED (%) 
Daily soft 19 5,635 66 
Daily rigid 8 3,907 65 
gas permeable 
Extended soft 11 6,764 52 
Extended rigid 5 1,568 60 
gas permeable 
Aphakic extended § 4,865 49 
soft 
Total 48 22,739 58 


———— 


*Average number of patients for all studies is 474. 


vascularization (eight of 159 [5.0%]), corneal 
infiltrates (seven of 159 [4.4%]), and severe 
corneal edema (six of 159 [3.8%]) were less 
frequent. Severe uveitis and iritis (two of 159 
[1.3%]) and severe pannus (two of 159 [1.3%]) 
were the least reported adverse reactions. 

There were 14 adverse reactions, including 
two corneal ulcers, in the cosmetic daily-wear 
lens groups (9,542 patients) and 85 adverse 
reactions, including 16 corneal ulcers, in the 
extended-wear cosmetic groups (8,332 pa- 
tients). Since the greater number of complica- 
tions in the extended-wear contact lens group 
may have been because of the longer period of 
observation compared to the daily-wear group, 
we computed the corneal ulcer and adverse 
reaction rates per patient-year of observation to 
provide overall estimates of relative risks (Table 
7). The annual incidence of severe adverse 
reactions was lowest in the daily-wear soft 
contact lens (0.00416) and the daily-wear rigid 
gas-permeable lens (0.00410) groups. The ex- 
tended-wear soft and extended-wear rigid gas- 
permeable contact lenses had intermediate 
rates of severe adverse reactions (0.00894 and 
0.0167, respectively), whereas the aphakic ex- 
tended-wear soft contact lens group had the 
highest rate (0.0299) of severe adverse reac- 
tions. Similar group trends were noted when 
the incidence of corneal ulcers and corneal 
abrasion and keratitis were determined (Table 
7). There was a strong correlation between 
corneal abrasion and keratitis and corneal ul- 
cers in the five groups studied (r =.973, P < 
01). 


Comparison of groups studied for six-month 
duration (Table 2) disclosed a significantly 
higher adverse reaction rate, including severe 
abrasion and keratitis, in the aphakic group 
when compared to daily-wear soft, daily-wear 
rigid gas-permeable, and extended-wear soft 
contact lens groups (P = .025). The cosmetic 
extended-wear soft contact lens group had a 
higher adverse reaction rate, which was signifi- 
cantly different when compared to the daily- 
wear rigid gas-permeable lens users (P = .025) 
and approached a significant difference when 
compared to daily-wear soft lens users (P = 
.0485). Analysis of 12-month studies (Table 3) 
disclosed a significantly higher rate of adverse 
reactions and severe abrasion and keratitis in 
the extended-wear rigid gas-permeable group 
when compared to extended-wear soft lens 
rates (P = .025). 

There was no significant difference in adverse 
reaction, corneal ulcer, and severe abrasion and 
keratitis rates between the six-, 12-, and 24- 
month studies in the extended-wear soft con- 
tact lens group (Table 4). 


Discussion 


The incidence of corneal ulcers was one in 
1,923 patient-years in the daily-wear soft con- 
tact lens group and one in 1,471 patient-years 
in the daily-wear rigid gas-permeable group 
(Table 7). Although not directly comparable, 
these are consistent with the previous reports 
in daily-wear soft lens users.** In a study of 
66,000 patients followed up for one year, it was 
noted that the corneal ulcer rates were 3.2 and 


TABLE 6 
FOOD AND DRUG ADMINISTRATION PREMARKET 
APPROVAL STUDIES* 





DURATION OF STUDY 


CONTACT MEAN RANGE NO. OF 
i OU ne 
Daily soft 4.3 3 to 6 19 
Daily rigid gas 6.0 6 8 
permeable 
Extended soft 13.6 6 to 24 11 
Extended rigid gas 12.0 12 5 
permeable 
Aphakic extended soft 8.0 6 to 12 5 





*Average number of patients for all studies is 474. 
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TABLE 7 
OVERALL ANNUAL CORNEAL ULCER AND SEVERE ADVERSE REACTION RATES 


j 


' SEVERE 
ADVERSE REACTION CORNEAL ULCER ABRASION/KERATITIS 
CONTACT NO. OF RATE/ RATE/ RATE/ 
LENS GROUP PATIENTS PATIENT-YEARS (%) PATIENT-YEARS (%) PATIENT-YEARS (%)* 
Daily soft 5,635 1/240 1/1,923 1/480 
(0.00416) (0.00052) (0.00208) 
Daily rigid gas permeable 3,907 1/244 1/1,471 1/488 
(0.0041) (0.00068) (0.00205) 
Extended soft 6,764 1/112 1/549 1/326 
(0.00894) (0.00182) (0.00307) 
Extended rigid gas permeable 1,568 1/60 1/418 1/114 
(0.0167) (0.00239) (0.00875) 
Aphakic extended soft 4,865 1/33 1/201 1/49 
(0.0299) (0.00498) (0.0204) 





*The correlation between corneal ulcer and severe abrasion/keratitis is r = .973, P < .01. 


3.0 per 10,000 patient-years for daily-wear soft 
and rigid gas-permeable lens wearers, respec- 
tively.* Another study estimated severe micro- 
bial keratitis rates of two in 15,000 extended- 
wear soft contact lens patients based on after 
hours and emergency visits noted at a large 
referral center over a two-year period.’ Poggio 
and associates’ noted an incidence of ulcerative 
keratitis in five New England states of 4.1 per 
10,000 for daily-wear soft and 20.9 per 10,000 
for cosmetic extended-wear lenses. In a case 
control study, Schein and associates’ noted that 
the risk of developing ulcerative keratitis was 
ten to 15 times greater in cosmetic extended- 
wear users .who wore their lenses overnight 
when compared to cosmetic daily-wear users 
who did not wear lenses overnight.’ Our study 
is unique, however, since the patients were 
closely monitored throughout the entire study 
period. Since patients were aware of their par- 
ticipation in an investigational study, were 
asked to report any untoward reactions imme- 
diately, and were also closely monitored, the 
severity of adverse reactions may be less than in 
noninvestigational populations. 

Within groups, there was no apparent trend 
toward disproportionate clustering of compli- 
cations within premarket approval studies with 
the exception of the aphakic extended-wear 
population. One study of aphakic lenses ac- 
counted for 21 of 60 (35%) of all adverse reac- 
tions and 15 of 40 (37%) severe abrasion and 
keratitis cases in the entire aphakic extended- 
wear contact lens group but made up only 726 
of 2,728 (37%) of the aphakic extended-wear 


study population. A second aphakic extended- 
wear soft contact lens study had 2,728 patients, 
which accounted for 2,728 of 4,865 patients 
(56%) who were enrolled in all of the aphakic 
extended-wear soft contact lens groups. The 
adverse reaction rate for their group (34 of 60 
[57%]) was similar to that of the entire aphakic 
group; however, this study accounted for nine 
of ten of all corneal ulcers in the aphakic 
extended-wear soft contact lens group. The 
nonaphakic groups demonstrated no dispro- 
portionate clustering of complications within 
groups. 

We estimated complication rates for cosmetic 
daily- and extended-wear groups because the 
cosmetic daily- and extended-wear investiga- 
tions had different durations of study (Table 7). 
The daily-wear studies tended to be of shorter 
duration (4.3 to 6.0 months) than the extended- 
wear studies (6.0 to 13.6 months). For this 
reason, these different groups could not be 
compared in a statistical fashion. 

In groups studied for an equivalent duration 
(six months), a significantly increased risk (6.7 
times) of severe adverse reaction was demon- 
strated in the aphakic extended-wear soft group 
compared to the daily-wear soft contact lens 
group (Table 2). Cosmetic extended-wear soft 
contact lenses demonstrated an increased risk 
(3.5 times) of developing a severe adverse reac- 
tion, which was significantly different (P < 
025) when compared to the daily-wear rigid 
gas-permeable group. A similar trend of in- 
creased risk (2.7 times) was noted in the cos- 
metic extended-wear soft group when com- 
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pared to the daily-wear soft contact lens group 
for a six-month period. This comparison ap- 
proached significance (P = .0485). 

There were three reports of corneal ulcers in 
1,568 patients enrolled in the extended-wear 
rigid gas-permeable group. The number of cor- 
neal ulcers noted in this group was too small to 
establish a trend; however, there were a total of 
21 adverse reactions in this same group (a 
reaction rate of one per 60 patient-years). This 
rate was significantly higher than the extended- 
wear soft contact lens adverse reaction rate 
(one per 184 patient-years, Table 3 [P = .025)}), 
which raises concern regarding the extended- 
wear rigid gas-permeable group, especially 
since both studies had the same duration (12 
months). It may be that the extended-wear 
rigid gas-permeable adverse reaction rates 
were higher because of recent introduction of 
this modality to practitioners. As more studies 
are performed and more oxygen-permeable 
materials are introduced, these rates may de- 
crease. This rate was higher than we anticipat- 
ed, which stresses the need for studying large 
groups of patients (1,000 to 4,000) over longer 
periods (one year). 

Comparisons of extended-wear soft cosmetic 
contact lens groups for varying durations of 
study disclosed no trend toward increased rates 
of adverse reactions with different durations of 
study (Table 4). This analysis demonstrates that 
study duration does not have a strong effect on 
the relative frequency of severe adverse reac- 
tions in the extended-wear soft contact lens 
group. 

The overall rate of corneal ulcer formation in 
the cosmetic extended-wear soft contact lens 
group was 3.5 times greater than the daily-wear 
soft contact lens group (Table 8). This increased 
rate is consistent with the 4.4-fold increase in 
case reports of extended-wear corneal ulcers in 


TABLE 8 
RATIO COMPARISON OF CONTACT LENS GROUPS 


CONTACT CORNEAL ADVERSE KERATITIS/ 

LENS GROUPS ULCER REACTION ABRASION 
Daily soft/daily rigid 0.77 1.01 1.00 
Extended soft/daily soft 3.50 2.20 1.50 
Extended rigid/daily rigid 3.50 4.10 4.30 
Aphakic extended/daily soft 9.60 7.20 9.80 
Extended soft/extended rigid 0.76 0.54 0.35 


Aphakic extended/extended soft 2.70 3.30 6.60 
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soft lens wearers when compared to daily lens 
wearers if a number of studies are combined 
and the market share is considered." 

Patient completion rates were lower in the 
extended-wear soft contact lens and aphakic 
extended-wear soft contact lens groups, which 
may be expected since these studies were per- 
formed over longer periods compared to the 
daily-wear studies (Tables 5 and 6). Aphakic 
extended-wear soft contact lens users had the 
lowest completion rates, possibly because the 
study duration may be longer, but more impor- 
tantly those patients are older, have had previ- 
ous operations, and have more lens care diffi- 
culties." 

Previous studies in aphakic extended-wear 
soft contact lens wearers have demonstrated 
the rates of corneal ulcer formation to vary 
between 0% and 7%, with most studies report- 
ing a 2% to 7% rate of corneal ulcers.* The 
lower rates (0.5% per patient-year) of corneal 
ulcers noted in our study may be because of the 
close follow-up patients received as a part of an 
investigational study. Moreover, these patients 
appear to be at greater risk of developing a 
serious, sight-threatening complication. Apha- 
kic extended-wear soft contact lenses in se- 
lected patients, however, represent an impor- 
tant therapeutic option. These patients should 
be warned that they are at higher risk of devel- 
oping a serious, sight-threatening complication 
and that if their eye becomes red or irritated, 
the lens should be promptly removed, and they 
should seek professional care. 

Corneal abrasion and keratitis were the most 
common adverse reaction in this study, which 
accounted for 81 of 159 (51%) of all adverse 
reactions. Corneal ulcer was the second. most 
common adverse reaction (28 of 159 [18%]), 
and this complication tended to occur more 
often in the groups that had more frequent 
reports of corneal abrasion and keratitis. This 
raises concern as to whether contact lens wear- 
ing groups that have frequent abrasion and 
keratitis episodes may be exposed to develop- 
ing corneal ulcers. Clinical and laboratory ex- 
periences indicate that a break in the corneal 
epithelium (corneal abrasion and keratitis) may 
predispose the cornea to the development of 
corneal ulcers'*”; however, it is difficult to draw 
a direct association between corneal abrasion 
and keratitis and corneal ulcers. These findings 
strengthen the guidelines that patients remove 
their lenses if their eyes become red or irritated 
to minimize severe corneal abrasion.” 
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Our format for data reporting did not allow 
evaluation of the relation between adverse re- 
actions (including corneal ulcers) and duration 
of lens wear, frequency of lens replacement or 
removal, frequency of disinfection, recent lens 
manipulations, degree of lens deposit forma- 
tion, improper lens hygiene, and other possible 
risk factors. Previous reports on daily-wear soft 
contact lens users who develop corneal ulcers 
have noted inappropriate overnight wear, fre- 
quent contamination of lens cases, and improp- 
er or no disinfection as factors contributing to 
ulcer formation.'"4” The use of salt tablets, 
distilled water, and homemade saline may also 
result in bacterial or Acanthamoeba kerati- 
tis, }426,27 

Patients who wore lenses on an extended- 
wear basis generally wore them on an overnight 
basis up to 30 days. Manufacturers generally 
encouraged fitters to instruct that the lenses be 
worn overnight in their studies up to 30 days. 
Patients who use extended-wear lenses were 
not encouraged to wear their lenses on a daily 
basis, since this would not provide information 
on the safety of extended (overnight) wear. 

Based on more recent studies,’ the Food and 
Drug Administration has requested the manu- 
facturers of cosmetic extended-wear soft con- 
tact lenses to recommend a wearing time of one 
to seven days in the product labeling (written 
communication, U.S. Department of Health 
and Human Services, John Villforth, Public 
Health Service, Food and Drug Administration 
Center for Devices and Radiologic Health, 
HFZ-250, Rockville, Maryland, May 30, 1989). 
This recommendation for patients to reduce 
dramatically the frequency of overnight wear is 
reasonable given the increased risk of serious, 
sight-threatening complications associated 
with overnight lens wear. 
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Infectious Keratitis and Cyanoacrylate Adhesive 


Timothy B. Cavanaugh, M.D., and John D. Gottsch, M.D. 


We studied three patients with infectious 
keratitis that occurred after cyanoacrylate 
gluing despite prophylactic antibiotic thera- 
py. Iwo patients developed culture-positive 
bacterial ulcers, one caused by a methicillin- 
resistant Staphylococcus aureus and the other 
by Haemophilus influenzae. The third patient 
developed a fungal keratitis. Two patients 
required penetrating keratoplasty. Each infec- 
tion and perforation was concealed by the 
opaqueness of the glue. The pain of the infec- 
tious ulcers may have been obscured by the 
ocular surface irritation and drying induced 
by glue. Tissue toxicity, microbial coloniza- 
tion, use of bandage lenses, and long-term 
broad-spectrum antibiotics may precipitate 
glue-related corneal infections. Masking of 
underlying infection and the development of 
resistant organisms should be considered 
when using this mode of therapy. 


CyaNoacrYLATE ADHESIVE was introduced by 
Coover and associates’ in 1959. This adhesive 
has the unique property of being rapidly con- 
verted from a liquid to a solid state by anionic 
polymerization that occurs at room tempera- 
ture without the need for catalysts, solvents, or 
application of pressure. 

The first clinical reports on cyanoacrylates 
are from vascular surgeons.” In 1963, Ellis and 
Levine’ described sutureless ocular surgery on 
a myriad of ocular structures in rabbits by using 
Eastman 910 monomer or methyl-2-cyanoacry- 
late. Since these early studies, applications for 
this versatile material have been reported,’ 
mostly using the higher analogues. Corneal 
uses of tissue adhesive include sealing of perfo- 
rations,’ artificial epithelium or epikeratopros- 
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thesis, artificial endothelium,”* inhibition of 
ongoing stromal melting, and prevention of 
noninfectious stromal ulceration.’ 

Glue has been successfully used in the treat- 
ment of both infectious and noninfectious ul- 
cerations. If properly applied, tissue adhesive 
can remain in place for weeks, which allows 
healing to occur in the underlying stroma. Cya- 
noacrylates have been shown to inhibit leuko- 
cytes and to possess bactericidal properties. 
This proposed antibacterial effect may provide 
a false sense of security for ophthalmologists 
who use glue in their practices. We studied 
three patients with infectious keratitis that was 
masked by cyanoacrylate adhesives. 


Case Reports 


Case 1 

A 60-year-old woman undergoing dialysis 
secondary to diabetic renal failure initially had 
filamentary keratitis and a shallow corneal ul- 
cer without stromal infiltrate or hypopyon. De- 
spite treatment with topical tobramycin, the 
ulcer enlarged and was accompanied by a 
significant hypopyon within three weeks. Cul- 
tures were positive for Streptococcus viridans 
and coagulase-negative Staphylococcus aureus. 
Treatment was begun with fortified topical 
cefazolin and gentamicin sulfate along with 
systemic corticosteroids and tetracycline. The 
ulcer was sterilized, but an epithelial defect and 
ulcer persisted for the next 3% months despite 
patching, bandage contact lenses, and collagen 
shields. Final healing was accompanied by dif- 
fuse corneal edema and bullous keratopathy. 
She was referred to our institution three 
months later with a recurrent corneal ulcer for 
which she received fortified topical cefazolin 
and tobramycin. Cultures were negative, 
whereas smears disclosed inflammatory cells 
but no organisms. Topical prednisolone acetate 
was started and a rheumatologic examination 
ordered. The rheumatoid arthritis latex aggluti- 
nin test was positive at a dilution of 1:20; 
however, the remainder of the blood tests were 
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negative. The ulcer slowly progressed to a des- 
cemetocele, which was treated with butylcya- 
noacrylate and a bandage contact lens. In- 
formed consent was obtained from the patient. 
The fortified antibiotics were tapered, and anti- 
biotic coverage was provided by polymyxin B 
and trimethoprim. Within two weeks, the pa- 
tient had pain and a hypopyon. Removal of the 
adhesive disclosed an ulcer and central perfora- 
tion (Fig. 1). An emergent penetrating kerato- 
plasty was performed. Cultures were positive 
for heavy growth of methicillin-resistant S. au- 
reus, which was sensitive to vancomycin and 
tetracycline. She was treated with vancomycin 
eyedrops as well as tetracycline ointment post- 
operatively. 


Case 2 

An 18-year-old woman with atopy and gam- 
maglobulin deficiency had a two-month history 
of decreased vision, tearing, and photophobia. 
Examination disclosed a diffuse punctate epi- 
theliopathy with a central stromal melt and 
75% thinning. All cultures and immunologic 
blood studies were negative. The patient was 
given topical prednisolone acetate, but the cor- 
neal melt proceeded to perforation one month 
later. The patient was hospitalized and treated 
with systemic antibiotics. Informed consent 
was obtained, and the perforation was sealed 
with butylcyanoacrylate adhesive and a ban- 
dage contact lens. Repeat cultures were nega- 
tive. Prednisolone acetate was continued along 
with topical gentamicin sulfate. Three weeks 
later, the eye developed a recurrent melt and 
perforation that required readmission and re- 
peat glue therapy. A corneal biopsy (Fig. 2) was 
performed, and transmission electron micros- 
copy showed intracytoplasmic inclusions in 
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Fig. 1 (Cavanaugh and Gottsch). Case 1. Central 
perforated infectious ulcer after glue removal. 





keratocytes consistent with Paramyxovirus spe- 
cies. The eye continued to melt around the 
adherent glue patch; thus, an urgent penetrat- 
ing keratoplasty was performed. Removal of the 
adhesive at the time of surgery disclosed an 
extensive 7.0-mm corneal melt with underlying 
necrotic iris and lens material. Xanthochromic 
liquid percolated from the posterior segment, 
but there was no frank purulence. Cultures 
demonstrated heavy growth of Haemophilus in- 
fluenzae. The organism was sensitive to ampicil- 
lin, cefoxitin, chloramphenicol, and tetracy- 
cline. The endophthalmitis was treated by 
vitrectomy, intravitreal antibiotics, intravenous 
ampicillin, and topical chloramphenicol. 


Case 3 

A healthy 5-year-old boy received a penetrat- 
ing injury from a nail to his right eye. The 
corneal laceration was repaired surgically at 
another hospital. Three days later the patient 
was referred to us with a flat anterior chamber 
and a wound leak (Fig. 3). The patient was 
admitted and, with parental consent, under- 
went lensectomy and corneal laceration repair, 
which required butylcyanoacrylate application. 
A bandage contact lens was not placed because 
of extensive conjunctival chemosis. He was 
treated postoperatively with fortified topical 
cefazolin and gentamicin sulfate along with a 
three-day intravenous course of the same. One 
week later, a therapeutic contact lens was fit 
over a tightly adherent glue patch. Six weeks 
later the patient underwent an anterior vitrec- 
tomy, posterior capsulotomy, and revision of 
the corneal laceration. The glue was removed, 
which concealed some broken sutures but no 
leak. A small amount of adhesive was added 
nasally to provide adequate wound closure and 
reinforcement. Full-time patching and amblyo- 
pia therapy was instituted. Two weeks later he 
came to the emergency room with pain and 
purulent drainage for two days. A corneal ulcer 
was found under the glue that was culture- 
positive for Aspergillus fumigatus. Therapy with 
oral ketoconazole and topical natamycin was 
begun. The ulcer slowly healed to allow visual 
acuity of 20/40 with a gas-permeable contact 
lens on last examination (Fig. 3). 


Discussion 


In each of the above cases, the diagnosis of 
infectious keratitis was concealed by the 
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Fig. 2 (Cavanaugh and Gottsch). Case 2. Left, Corneal biopsy in area of leakage around glue. Right, 


Application of additional adhesive to seal the perforation. 


opaqueness of the polymerized adhesive. Cya- 
noacrylates are colorless, clear liquids as mono- 
mers but become chalky white solids within ten 
to 20 seconds upon polymerization. If a liberal 
amount of adhesive is used so that it covers the 
cornea, it will not only impair the patient’s 
vision but will markedly limit the clinician’s 
view of underlying tissues. Only our first case 
provided a visible clue to infection in the form 
of a hypopyon that could be seen around the 
lower edges of the adhesive. 

Most infectious ulcers have associated pain 
that often prompts the patient to seek medical 
care. It is well known that application of tissue 
adhesive induces a range of discomfort. Great 
care must be taken to avoid rough edges on the 
glue surface to prevent a severe foreign body 
sensation and inflammatory response in the 
eyelids. There is also a significant degree of 
localized corneal dehydration adjacent to the 
glue that can produce discomfort even with a 
bandage contact lens. Patients are told to ex- 
pect soreness after glue placement so they get 
accustomed to some degree of pain. Any addi- 
tional discomfort incited by an ulcer can be 
either masked by that already present or is 
simply passed off as expected. Both can lower a 
patient’s level of concern and delay the diagno- 
sis and subsequent treatment of a potentially 
devastating condition. 

Aside from the adhesive itself, four addi- 
tional risk factors must be considered in these 
patients. Previous microbial colonization of the 
presumably sterilized corneas provides an ave- 
nue for the establishment of infection after glue 
placement. The increased infection risk associ- 
ated with the use of soft contact lenses is well 
documented and cannot be overlooked in the 
evaluation of these cases. Immunosuppression 
may have played a role in the development of 


infectious keratitis in two of the three patients. 
Finally, the use of long-term broad-spectrum 
antibiotics may have selected for some resistant 
or unusual microbes. 

Direct irritation induced by the rough glue 
surface can generate sufficient trauma to the 
ocular surface to provoke a mechanical kerato- 
conjunctivitis leading to epithelial breakdown 
and infectious keratitis. Gasset and associates” 
found that solid flakes of polymerized adhesive 
were released into the conjunctival sac that 
abraded the corneal and conjunctival surfaces. 
Mechanical trauma can be minimized by proper 
application of the adhesive and by a precisely 
fit bandage contact lens. 

Direct tissue toxicity and necrosis can com- 
promise the host’s immune barriers and greatly 
enhance the propensity for the development of 
infection. The histotoxicity of cyanoacrylates is 
well documented and appears to be inherent in 
the chemical makeup of the material or in its 
byproducts. Unreacted monomer can become 
trapped in the polymerized adhesive and dif- 
fuse slowly into tissues. Monomer impurities 
are incorporated into the material to act as 
preservatives and can also leak into tissues." 
The fully polymerized form appears to behave 
like an inert foreign body. Polymer degradation 
products are important toxins. 

Aronson and associates” divided the corneal 
inflammatory response to glue histologically 
into two stages. The acute reaction is triggered 
by protein binding, complement fixation, and 
polymorphonuclear chemotaxis and activation. 
The late response is granulomatous and direct- 
ed toward a particulate stimulus. It has been 
demonstrated in rats that the shorter chain 
homologues, such as methyl, tend to produce 
acute reactions that can be intensely necrotiz- 
ing and pyogenic. Conversely, the longer chain, 
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Fig. 3 (Cavanaugh and Gottsch). Case 3. Top left, Unopposed jagged edge of corneal laceration. Top right, 





ca 


Persistent leakage from perforation with positive Seidel’s sign. Bottom left, Sealed perforation after application 
of cyanoacrylate. Bottom right, Corneal scar covered by contact lens after healing of fungal keratitis. 


higher molecular weight homologues elicited 
transient inflammation followed by a foreign 
body granuloma response.” 

Refojo, Dohlman, and Koliopoulos™ provided 
a comprehensive review of cyanoacrylates in 
1971 that included data on toxicity. They stated 
that “the toxic effects of synthetic polymers on 
tissues are related in part to their breakdown 
products and to the rate at which they are 
released.” The mechanism of aqueous cyanoac- 
rylate degradation involves cleavage of carbon 
to carbon bonds to release formaldehyde and 
cyanoacrylate. Cellular damage will occur until 
local detoxification of these substances occurs. 
The degradation rate is a function of the parti- 
cle size of the polymer." The methyl deriva- 
tive degrades rapidly and is known to be toxic, 
whereas longer carbon chain derivatives de- 
grade slowly and generate a much less noxious 
stimulus.” The tolerance levels of the 2-cyano- 
acrylate adhesives have been classified in the 
following order from best to least tolerated: 
n-decyl, n-actyl, n-heptyl, n-hexyl, n-butyl, 
isobutyl, trifluoroisopropyl, and methyl." 


Numerous researchers have demonstrated 
that the toxicity of tissue adhesive is directly 
proportional to dose.’ Fortunately, the 
amounts required for ocular procedures are 
exceedingly modest. 

Many investigators have reported that cyano- 
acrylates have a self-sterilizing or bactericidal 
property. At least as many have put forth evi- 
dence to the contrary disclosing contamination 
and bacterial growth in glue. 

As early as 1961, Fassett and associates“ 
demonstrated that several bacteria including 
Escherichia coli and S. aureus were not capable 
of surviving in the polymer. Plastic surgery 
incisions closed with tissue adhesive have been 
shown to be protected against experimentally 
induced wound infection with S. aureus.” Neis- 
seria catarrhalis, Gaffyka species, and S. aureus 
have been reported to be inhibited to varying 
degrees by the application of isobutyl-cyanoac- 
rylate. Complete destruction of actively grow- 
ing colonies occurred only with alpha-hemolyt- 
ic Streptococcus species. From the appearance of 
the zones of inhibition, Jandinski and Sonis” 
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hypothesized that a diffusible bacteriostatic 
substance was present in the polymer. This 
substance may be the breakdown products of 
depolymerization such as formaldehyde and 
cyanoacetate. Rietveld, Garnaat, and Seutter- 
Berlage” observed both bacterial toxicity and 
mutagenicity toward Salmonella typhimurium 
with the methyl 2-cyanoacrylate monomer but 
none with the ethyl, n-butyl, or isobutyl 
groups. This evidence parallels the host toxicity 
studies in which the lower homologues were 
more destructive. In a similar experiment, Ley- 
man, West, and Leonard” evaluated the effect of 
nine different alkyl 2- -cyanoacrylates on the 
growth of E. coli and S. aureus in culture. Just as 
the histotoxicity of each material had previous- 
ly been shown to: be a function of its rate of 
degradation, the relative bacterial inhibition 
induced by each homologue was predictable 
based on its degradation rate. The adhesives 
were increasingly more bacteriotoxic with de- 
creasing ' chain length and increasing break- 
down rates. 

Although there is considerable research sup- 
porting an antibacterial property to cyanoa- 
crylates, greater evidence to the contrary exists. 
Leyman, West, and Leonard” did recover viable 
bacteria from the polymerized glue surface af- 
ter removal from bacterial plates. Similarly, 
Page and Borick” recovered viable bacterial 
spores in methyl cyanoacrylate monomer for up 
to 14 days. Both of these studies suggest that 
adhesive may act as a vehicle for bacteria if the 
monomer was contaminated before use. Matsu- 
moto and associates” compared the effects of 
glue versus antibiotics on six different bacteria. 
Cyanoacrylates were found to be inferior to 
oxytetracycline, penicillin, kanamycin sulfate, 
and chloramphenicol in bacterial inhibition. 
Their studies concluded that methyl, isobutyl, 
and n-butyl cyanoacrylates were neither bac- 
tericidal nor bacteriostatic for either vegetative 
or spore forms of S. epidermidis, S. aureus, 
lactose fermenting enterobacteria, Pseudomo- 
nas aeruginosa, Clostridium species, and group 
D Streptococcus.” Butyl 2-cyanoacrylate has 
been shown to be completely ineffective against 
gram-negative microorganisms but exhibits 
some hattericidal activity against gram-posi- 
tive bacteria. This activity diminished after 30 
minutes, which suggests that there is no long- 
term antibactérial effect. The discordance in 
inhibition is probably based on the differences 
between the bacterial cell walls of the two types 
of organisms. The active double bond in the 
monomer can combine with free amino or hy- 
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droxyl groups in the cell wall of gram-positive 
bacteria. The lipopo_ysaccharide capsule sur- 
rounding the cell wall in gram-negative organ- 
isms can act as a barrier to glue binding.” 

The physical nature of the polymerized adhe- 
sive may predispose it to bacterial colonization. 
Materials with irregular surfaces allow bacteria 
to gather in cavities and subsequently to colo- 
nize the entire surface. Coagulase-negative 
staphylococci are the most common organisms 
infecting implanted biomaterials. Olson, 
Ruseska, and Costerton” studied the adherence 
and colonization of S. epidermidis to the surface 
of n-butyl 2-cyanoacrylate by scanning elec- 
tron microscopy. A viable, dividing bacterial 
biofilm rapidly covered the glue surface, which 
led them to conclude that cyanoacrylate is not 
bactericidal. 

The addition of substances to cyanoacrylate 
to reduce its toxicity or to enhance antibacterial 
properties has been suggested. Early reports 
showed that adhesives exhibited toxicity in tis- 
sues through thrombosis and necrosis.” Papa- 
theofanis®” noted these findings and proposed 
that glue toxicity may be mediated by throm- 
boxanes and prostaglandins as their release can 
impair blood flow causing the thrombosis that 
leads to ischemia and tissue necrosis. His study 
evaluated the effect of prostaglandin H syn- 
thase inhibitors and of other mediators of in- 
flammation on glue-induced tissue damage. 
The addition of both acetylsalicylic acid and 
indomethacin to a cell suspension containing 
cyanoacrylate yielded significantly better cell 
viability. Pretreatment with superoxide dismu- 
tase led to enhanced numbers of viable cells, 
whereas the use of catalase did not. Finally, 
scavenging lipid hycroperoxidases with gluta- 
thione peroxidase and reduced glutathione 
lessened resultant cytotoxicity. Their proposed 
mechanism involves cyanoacrylates generating 
lipid hydroperoxidases that, in turn, activate 
prostaglandin and thromboxane synthesis lead- 
ing to cell membrane oxidation and lysis. It is 
suggested that concemitant treatment with an- 
tioxidants and antiinflammatory agents may 
reduce or prevent the tissue damage that invari- 
ably accompanies cyanoacrylate use.” 

The addition of antibiotics to biomaterials 
can reduce the risk of infection related to the 
presence of a foreign body and can provide a 
vehicle for the slow release of antibiotic.” 
Olson, Ruseska, and Costerton” suggested the 
incorporation of an antibiotic in the cyanoacry- 
late monomer to create a bacteria-resistant 
polymer. Shenk and associates? studied the 
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ability of n-butyl-2-cyanoacrylate to act as a 
vehicle for local delivery of antibiotics to vascu- 
lar grafts infected by E. coli and S. aureus in 
dogs. Tobramycin powder was mixed with the 
adhesive monomer, and the suspension was 
used to seal graft sites. Nearly all of the control 
group had positive cultures, whereas the cul- 
tures of the treatment group were all negative. 
This research suggests that the addition of 
tobramycin to cyanoacrylate monomer can be 
effective in the treatment and prevention of 
infection. 

Clinicians should be aware of the potential 
for development of microbial infections after 
applying glue. Closer follow-up of immuno- 
suppressed patients is suggested. Resistant 
organisms should be suspected if an infection 
develops during long-term treatment with pro- 
phylactic broad-spectrum antibiotics. Glue 
should be removed upon suspicjon of any un- 
derlying abnormalities to obtain an adequate 
examination and prevent a delay in diagnosis. 
Predisposition to corneal infection can be mini- 
mized by reducing tissue toxicity through the 
use of additive-free higher chain homologues 
and smaller amounts. Finally, the admixture of 
injectable antibiotics with liquid cyanoacrylate 
monomer may allow the polymerized adhesive 
to act as a reservoir for the slow release of 
antimicrobial agents. Further studies evaluat- 
ing antibiotic release from glue and local tissue 
levels need to be conducted before this is prov- 
en as an effective method of drug delivery. With 
proper use, adhesive can remain a valuable 
adjunctive therapy for the treatment of corneal 
ulcers, perforations, and stromal thinning dis- 
orders. 
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Role of Cell-Mediated Immunity to Staphylococci in 


Blepharitis 





Linda Ficker, F.R.C.S., Meenakshi Ramakrishnan, M.Sc., David Seal, M.D., 
and Peter Wright, F.R.C.S. 


We studied cell-mediated immunity to 
staphylococcal antigens in 116 patients with 
chronic blepharitis and eight normal subjects. 
Antibodies in tears and blood were measured. 
Enhanced cell-mediated immunity to Staphy- 
lococcus aureus was demonstrated in 46 of 116 
patients (40%) in the absence of antibodies to 
teichoic acid but not among normal subjects. 
Symptoms of grittiness and morning sticki- 
ness were more frequent among patients with- 
out enhanced responses. Folliculitis occurred 
more commonly among patients with en- 
hanced immunity. Marginal keratitis occurred 
equally among patients with and without en- 
hanced systemic immunity, but patients with 
enhanced response more commonly required 
topical corticosteroid therapy. Desensitiza- 
tion to staphylococcal antigens could be in- 
vestigated as a potential therapeutic approach 
in selected patients. 


Tue RELATIONSHIP between Staphylococcus au- 
reus on the eyelids and the development of 
marginal keratitis, associated with blepharitis, 
has been reported by Thygeson,’ Hogan and 
associates,” and Mondino.” The marginal ulcers 
were culture-negative and ascribed to hyper- 
sensitivity to S. aureus. Corneal ring infiltra- 
tions can be created in a rabbit model. The 
rabbits must first be immunized with whole S. 
aureus cells, and antigen is then injected into 
the cornea. Mondino, Caster, and Dethlefs’ 
produced a rabbit model of ulcerative blephari- 
tis that required previous immunization with S. 
aureus cell walls, which gave a proven cell- 
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mediated response, followed by prolonged top- 
ical application of viable S. aureus. This model 
could not be repeated with S. epidermidis, al- 
though a cell-mediated response was elicited in 
the rabbit.” Mondino and Kowalski’ demon- 
strated corneal phlyctenulae and catarrhal infil- 
trates in rabbits systemically immunized with 
staphylococcal cell walls or ribitol teichoic 
acid-sensitized sheep red blood cells. The ani- 
mals were then challenged with topical suspen- 
sions of viable S. aureus administered into the 
conjunctival fornix. The experiments failed un- 
less the rabbits were first immunized to give a 
cell-mediated response.*" 

Boe* examined patients with chronic S. aureus 
infections and found they had exaggerated re- 
actions, including sterile abscesses, to heat- 
killed, whole cell, staphylococcal vaccines. 
Martin, Crowder, and White’ investigated cell- 
mediated immunity to S. aureus protein A in the 
human. Mudd, Taubler, and Baker” desensi- 
tized such a cell-mediated immune response by 
giving patients repeated injections of filtered 
staphylococcal phage lysate. White and Noble” 
compared the cutaneous reaction to purified 
staphylococcal protein A in normal subjects 
and patients with atopy or psoriasis and estab- 
lished the expected cell-mediated immune re- 
sponse for normal subjects. Dougherty and Mc- 
Culley” devised a clinical classification of 
blepharitis of various causes. We treated 116 
patients with chronic blepharitis of various 
causes, of whom 37 had marginal keratitis. We 
studied their humoral and cellular immune re- 
sponse to staphylococcal antigens. 


Patients and Methods 


After obtaining informed consent, we exam- 
ined 116 patients with chronic blepharitis. Of 
these patients, 37 also had recurrent marginal 
keratitis. The patients were selected randomly 
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from the External Diseases Clinic of our institu- 
tion. There were no exclusion criteria, and pa- 
tients were recruited with disease in both the 
acute and chronic phases. Before testing cell- 
mediated immunity, a clinical history was tak- 
en, and symptoms were scored on a scale 0 to 3 
(absent, mild, moderate, or severe). Slit-lamp 
examination was performed, and clinical signs 
were graded for right and left, upper and lower 
eyelids, conjunctiva, and cornea from 0 to 3 
(absent, mild, moderate, or severe), with a max- 
imum score of 12. Tears (20 to 50 wl) were 
collected on cellulose sponges and stored in 
plastic vials. Each sample was subsequently 
centrifuged to remove the sponge, and the tears 
were stored at —50 C. Blood (10 ml) was collect- 
ed, and serum was stored at —50 C. 

Cultures were collected from the eyelash 
roots of each patient by a semiquantitative 
soluble swab technique.” Calcium alginate 
swabs were used, which dissolved in 3 ml of 
Ringer’s saline when shaken vigorously. Addi- 
tionally, eyelid cultures were collected by an 
eyelid scrub technique with broth-soaked 
swabs. Swabs, or 0.5 ml of solubilized swab in 
saline, were plated out onto horse blood agar. 
For solubilized swabs, numbers of colonies 
were expressed as colony forming units per 
milliliter of solubilized swab. Staphylococcus 
aureus was identified provisionally by an agglu- 
tination method, using latex particles coated 
with fibrinogen and IgG and confirmed by the 
tube coagulase test. 

We tested 116 patients and eight normal 
adult subjects (without blepharitis or atopy and 
with normal vision) for cell-mediated immuni- 
ty to staphylococcal antigens. Each patient re- 
ceived intradermal tests in the forearm with 0.1 
ml of the staphylococcal suspensions and 0.05 
ml of the protein A preparation. Suspensions of 
S. aureus (National Collection of Type Cultures 
6571) and S. epidermidis (National Collection of 
Type Cultures 7292) were prepared from heat- 
killed cultures and diluted to 5 Xx 10* cells/ml 
in saline preserved with phenol. Protein A was 
freshly prepared and diluted in eyedrop saline 
and preserved with thimerosal (0.001%) to 50 
ng/ml from a purified, freeze-dried prepara- 
tion. Each patient also received control intra- 
dermal injections, one with 0.1 ml of phenol- 
preserved saline and one with 0.05 ml of thi- 
merosal-preserved saline. Early results for 
wheal and flare were recorded at 15 minutes, 
and late swelling with central induration, 
which signified cell-mediated immunity, was 
recorded at 48 hours. 
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We investigated the humoral response by 
developing an enzyme-linked immunosorbent 
assay for measuring antibodies to S. aureus and 
S. epidermidis teichoic acid in serum and tears. 
Each staphylococcal antigen was prepared in 
our laboratory from cultures of S. aureus Wood 
46 (coagulase-positive), which lacks the pro- 
tein A antigen,” and S. epidermidis biotype II 
(coagulase-negative), isolated from the eyelid 
of a patient with blepharitis. Cultures of each 
strain were incubated in nutrient broth at 37 C 
in 4% carbon dioxide for 48 hours with fre- 
quent shaking. Cells were centrifuged and 
washed twice with phosphate-buffered saline at 
pH 6.5. The cells were then sonicated for 12 
hours at an amplitude of 121 pmina constantly 
cooled vessel. Glass beads were placed with the 
cells in the inner chamber. The cells were re- 
spun in phosphate-buffered saline at pH 6.5, 
and the debris was discarded. Dilute hydro- 
chloric acid was added to the extract and the 
precipitate, which formed at pH 4.2, was re- 
moved by centrifugation. The teichoic acid 
(polysaccharide) was precipitated from the su- 
pernatant with five times its volume of alcohol 
at pH 5.2 and centrifuged. The alcohol was 
removed by evaporation, and the pellet was 
dissolved in phosphate-buffered saline at a con- 
centration of 1 mg/ml to produce purified anti- 
gen. 

In the enzyme-linked immunosorbent assay 
test, microtiter plates were coated with 100 pl 
of each staphylococcal teichoic acid antigen 
at 20 ug/ml in phosphate-citrate buffer at pH 
9.6. The plate was sealed with tape and left 
overnight at 4 C. The plate was washed four 
times with phosphate-buffered saline/Tween 
(0.05%). Dilutions (100 wl) of serum (1:10 to 
1:12,800) or tears (1:40 to 1:640) in phosphate- 
buffered saline/Tween were added in dupli- 
cate, together with positive and negative con- 
trols, to each plate, which was sealed and 
incubated at 22 C for four hours. The plate was 
again washed four times with phosphate-buf- 
fered saline/Tween. Peroxidase-labeled rabbit 
antiserum (100 pl) to human IgG/IgA kappa 
and lambda fraction, diluted 1:100 in phos- 
phate-buffered saline /Tween, were added with 
a negative saline control to each well of the 
plate, which was incubated at 22 C for two 
hours. The plate was washed four times with 
distilled water. Orthophenylene diamine sub- 
strate was made at 8 mg/40 ml of phosphate- 
citrate buffer at pH 9.6, together with 100 wl of 
3% hydrogen peroxide. This solution (100 pl) 
was added to each well, and optical density was 
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measured after 30 minutes at 450 nm. Statisti- 
cal analyses were performed using Student's 
t-tests and chi-square tests as appropriate. 


Results 


The control group consisted of eight normal 
subjects, four men and four women, with a 
mean age of 33 years. The cell-mediated re- 
sponse of these subjects to protein A ranged 
from 0 to 6 mm. 

Patients were divided into three groups ac- 
cording to their cell-mediated immunity, as 
determined by their skin reactions to protein A. 
Of 116 patients, 69 were classified as having a 
normal response. There were 35 men and 34 
women, with a mean age of 51 years. The 
cell-mediated response of these patients to pro- 
tein A ranged from 0 to 19 mm. Twenty-eight 
patients were classified as having an enhanced 
response. There were 18 men and ten women, 
with a mean age of 50 years. The cell-mediated 
response of these patients to protein A ranged 
from 20 to 60 mm. Nineteen patients were 
classified as having an extremely enhanced re- 
sponse. There were ten men and nine women, 
with a mean age of 39 years. The cell-mediated 
response of these patients to protein A was 
greater than 60 mm. There was no relationship 
between the groups with regard to mean ages or 
sex. 

The cell-mediated responses of control sub- 
jects and patients to protein A, S. aureus, and S. 
epidermidis are shown in Table 1. The values for 
normal subjects were similar to those of the 
patients of White and Noble.” Of 116 patients, 
28 (24%) and 19 (16%) had enhanced and 
extremely enhanced reactions compared to the 
69 patients (60%) who had a normal response 
(P = .001). Patients with an enhanced reaction 
to protein A gave similar significant enhance- 
ment to whole S. aureus cells (P = .001) but not 
to S. epidermidis, whereas patients with a nor- 
mal response to protein A and normal subjects 
had little response to either type of Staphylococ- 
cus species. 

Treatment with antibiotics and corticoste- 
roids at the time of examination was similar 
between the patient groups. None of the eight 
control subjects were taking any type of treat- 
ment. Of the 69 patients with a normal cell- 
mediated response, 16 were taking topical anti- 
biotics, 17 were taking systemic antibiotics, 19 
were taking topical corticosteroids, and two 


TABLE 1 
CELL-MEDIATED IMMUNE RESPONSES OF CONTROL 
SUBJECTS AND PATIENTS 


GROUP PROTEIN A 
(BASED ON 


RESPONSE TO 


S. AUREUS S. EPIDERMIDIS 
(MM) (MM) (MM) 


PROTEIN A) MEAN S.D. MEAN S.D. MEAN S.D. 


Control 3.9 6.3 3.1 1.9 0.25 0.66 
subjects 
(N = 8) 

Normal 4.2 5.5 2.8 3.8 0.7 1.1 
response 
(N = 69) 

Enhanced 42.9 11.2 5.4 4.7 0.9 1.6 
response 
(N = 28) 

Extremely 88.4 16.5 6.5 4.8 1.6 1.8 
enhanced 
response 
(N = 19) 


were taking systemic corticosteroids. Of the 28 
patients with an enhanced cell-mediated re- 
sponse, six were taking topical antibiotics, 
eight were taking systemic antibiotics, seven 
were taking topical corticosteroids, and two 
were taking systemic corticosteroids. Of the 19 
patients with an extremely enhanced cell-medi- 
ated response, two were taking systemic anti- 
biotics, and six were taking topical corticoste- 
roids. 

Isolation of S. aureus from eyelids has previ- 
ously been reported in normal subjects.’ Ba- 
diani and associates” isolated S. aureus by the 
soluble swab technique in six of 100 subjects. 
Seal, Barrett, and McGill” isolated S. aureus by 
the scrub technique in two of 30 subjects. Isola- 
tion was more frequent by the eyelid scrub 
technique, which was used for comparison in 
80 of the patients, than by the soluble swab 
collection method, which was used in all 116 
patients. Staphylococcus aureus was isolated by 
the scrub technique in 11 of 49 patients with a 
normal response, five of 19 patients with an 
enhanced response, and three of 12 patients 
with an extremely enhanced response. Staphy- 
lococcus aureus was isolated by the soluble 
swab technique in six of 69 patients with a 
normal response, three of 28 patients with an 
enhanced response, and two of 19 patients with 
an extremely enhanced response. No qualita- 
tive or quantitative difference in isolation rates 
was demonstrated between patients with vary- 
ing cell-mediated immunity to protein A. 
Staphylococcus epidermidis was isolated from 
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the eyelid margins of all patients, and this 
compared with a previous study of 100 normal 
subjects." 

Patients were also divided in two groups with 
respect to their cell-mediated response to killed 
S. aureus cells at less than 5 mm and greater 
than 6 mm. Of the eight control subjects, their 
cell-mediated response to killed S. aureus at 48 
hours ranged from 2.0 to 7.0 mm, with a mean 
value of 3.1 + 1.9 mm. Of the 116 patients, 82 
were classified as having a normal cell-mediat- 
ed response to killed S. aureus. Their response 
was less than 5 mm, with a mean value of 2.0 + 
2.1mm. Of these 82 patients, 26 (31%) had an 
enhanced or extremely enhanced response to 
protein A. The remaining 34 patients were 
classified as having an enhanced cell-mediated 
response to killed S. aureus. Their response was 
greater than 6 mm, with a mean value of 9.5 + 
4.1 mm. Of these 34 patients, 21 (72%) had an 
enhanced or extremely enhanced response to 
protein A. The difference between patient 
groups showing normal and enhanced respons- 
es to killed S. aureus was significant (P = .001). 
The comparison of the protein A reactions in 
these groups was also significant (P = .01). 

The occurrence of serum and tear antibodies 
to teichoic acids of S. aureus and S. epidermidis 
was determined by the enzyme-linked immu- 
nosorbent assay test, with patients grouped 
according to their cell-mediated response to 
protein A (Table 2). No significant difference 


TABLE 2 
MEDIAN SERUM TITERS AND DETECTION OF 
ANTIBODIES IN TEARS OF CONTROL SUBJECTS AND 


PATIENTS 
GROUP MEDIAN SERUM MEDIAN SERUM DETECTION OF 
(BASED ON TITER FOR S. TITER FOR S. ANTIBODIES TO S. 


RESPONSE TO AUREUS TEICHOIC EPIDERMIDIS AUREUS TEICHOIC 
PROTEIN A) ACID TEICHOIC ACID ACID IN TEARS 


Control 1:200 1:120 2 
subjects 
(N = 8) 

Normal 1:100 1:75 19 
response 
(N = 69) 

Enhanced 1:75 to 5 
response 
(N = 28) 

Extremely He) 1:75 2 
enhanced 
response 
(N = 19) 


TABLE 3 
MEAN SCORES OF SYMPTOMS ACCORDING TO THE 
CELL-MEDIATED RESPONSES TO PROTEIN A 





CELL-MEDIATED RESPONSE TO PROTEIN A 


P VALUE* 
EXTREMELY (CHI- 
SYMPTOMS NORMAL ENHANCED ENHANCED SQUARE 
(MAXIMUM = 3) (N= 69) (N = 28) (N = 19) TEST) 
Grittiness 0.84 0.64 0.2 .001 
Stickiness 0.77 0.64 0.3 .02 
Burning 0.58 0.64 0.3 NS 
Sore 0.84 1.03 1.0 NS 
Blurred vision 0.38 0.18 0.32 NS 
Red (inflamed) 0.52 0.43 0.37 NS 





*Significance between patients with normal and extremely 
enhanced response to protein A. NS indicates not significant. 


Y 


was noted between control subjects and patient 
groups. 

The symptoms of the patients were scored 
and mean values are given in Table 3. Sensa- 
tions of grittiness and early morning stickiness 
were more frequently found in patients with a 
normal response to protein A compared with 
patients with an extremely enhanced response 
(P = .001 and P = .02, respectively). No signifi- 
cant differences were found for patients with 
moderate enhancement compared with either 
the normal or extremely enhanced group. 

The clinical signs were similarly scored and 
mean values are given in Table 4. Folliculitis, 
eyelash follicle inflammation with purulent dis- 
charge, was more commonly found in patients 
with an extremely enhanced response to pro- 
tein A (P = .001). Other signs of chronic inflam- 
mation were similar between the groups. No 
significant differences were found for patients 
with moderate enhancement compared with 
either the normal or extremely enhanced group. 
Acne rosacea was noted in five of 69 (7%), one 
of 28 (4%), and two of 19 (10%) patients with 
normal, enhanced, and extremely enhanced 
cell-mediated immunity to protein A, respec- 
tively. 

Patients with marginal corneal epithelial dis- 
ease, including previous marginal ulceration 
and scarring, are considered in Table 5. The 
occurrence was not statistically different be- 
tween patients with and without enhanced cell- 
mediated immunity to protein A. Requirement 
for treatment with topical corticosteroids, how- 
ever, may be greater in the enhanced group 
than in the group with a normal response to 
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TABLE 4 
MEAN SCORES OF SIGNS ACCORDING TO THE 
CELL-MEDIATED RESPONSES TO PROTEIN A 





CELL-MEDIATED RESPONSE TO PROTEIN A 


VALUE* 
EXTREMELY (CHI- 
SIGNS NORMAL ENHANCED ENHANCED SQUARE 
(MAXIMUM = 12) (N = 69) (N = 28) (N = 19) TEST) 
Folliculitis 0.19 0.2 12 001 
Collarettes 5.9 6.3 6.2 NS 
Eyelash ef 2.8 2.4 NS 
misdirection 
Eyelash loss 1.4 1.4 19 NS 
Seborrhea 25 j 2.8 NS 
Telangectasia 6.6 3.4 TA NS 
Meibomian 6.0 3.4 5.5 NS 
plugging 
Meibomianitis 0.09 0.03 — NS 
Marginal eyelid 3.9 4.2 4.5 NS 
inflammation 
Marginal eyelid 4.5 4.5 4.7 NS 
thickening 
Conjunctival 5.0 5.4 4.4 NS 
migration 
Marginal 1.8 1.8 1.3 NS 
corneal 


vascularization 





*Significance between patients with normal and extremely 
enhanced response to protein A. NS indicates not significant. 


protein A (11 of 15 and ten of 22, respectively; 
chi-square test, 2.8; P = .05). These results are 
biased, however, since nine of 47 patients 
(19%) with a normal response to protein A were 
on corticosteroid treatment in the absence of 
marginal epitheliopathy compared to two of 32 
(6%) in the enhanced group (chi-square test, 
2.43 P= 51), 





Discussion 





Of our 116 patients with chronic blepharitis 
of mixed origin, 47 (40%) had enhanced cell- 
mediated immunity to S. aureus protein A anti- 
gen. These results differ from those found in 
normal subjects in our study as well as those of 
White and Noble.” This cell-mediated response 
can be tested with either protein A antigen or 
killed whole S. aureus cells. Although there is 
good correlation between the response to the 
two antigens, each is best tested separately. A 
cell-mediated response to S. epidermidis did not 


occur, possibly because it lacks protein A in its 
cell wall. Protein A gave a wheal reaction at 15 
minutes in all patients and normal subjects 
tested, probably because of crossbinding of 
fragment crystallizable receptors of IgE on mast 
cells. 

We analyzed the symptoms and signs of the 
patients in relation to their cell-mediated im- 
mune status to S. aureus protein A antigen 
(Tables 3 and 4). Our patients represented a 
mixed group, with chronic eyelid inflammation 
ascribed clinically to staphylococcal disease 
and sometimes associated with seborrhea. Ear- 
ly morning stickiness, described by McCulley, 
Dougherty, and Deneau" as typical of meibo- 
mianitis, was more frequent in patients with a 
normal cell-mediated immune status as was the 
sensation of grittiness. The only sign that corre- 
lated with extremely enhanced cell-mediated 
immunity was eyelash folliculitis, which has 
been described previously for hair follicles at 
other sites.* Unfortunately, it has not been 
possible to identify other clinical subgroups of 
patients with chronic blepharitis that correlate 
with cell-mediated immunity. It has been 
shown that cell-mediated immunity to S. epi- 
dermidis does not occur in either normal sub- 
jects or those with chronic blepharitis. Clinical 
classification of chronic blepharitis can thus be 
expected to be descriptive rather than as a 
function of their immune status with respect to 
staphylococcal antigen. Our aim was to test 
whether possession of cell-mediated immunity 


TABLE 5 
PATIENTS WITH MARGINAL CORNEAL EPITHELIAL 
DISEASE 
MARGINAL NO MARGINAL 
GROUP KERATOPATHY* KERATOPATHY 
(BASED ON USING NOT USING USING NOT USING 
RESPONSE TO CORTICO- CORTICO- CORTICO- CORTICO- 
PROTEIN A) STEROID STEROID STEROID STEROID 
Normal 10 12 9 38 
response 
(N = 69) 
Enhanced 5 2 2 19 
response 
(N = 28) 
Extremely 6 2 0 11 
enhanced 
response 
(N = 19) 


*Includes previous marginal ulceration and scarring. 
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to S. aureus or S. epidermidis could provide an 
alternative basis to classify patients. 

No relationship between enhanced cell-me- 
diated immunity to S. aureus and marginal ul- 
ceration was found, but the enhanced group 
were found more likely to require treatment 
with corticosteroids. Marginal keratitis has 
been ascribed to cell-mediated immunity, since 
there are sterile infiltrates that may represent 
an immune response to staphylococci on the 
eyelids. Patients with marginal ulceration were 
not followed up on a longitudinal basis, and 
some had been receiving corticosteroid treat- 
ment for months or years when examined. 
Some patients with a documented history of 
marginal keratitis did not demonstrate systemic 
cell-mediated immunity to staphylococcal anti- 
gen. Local and systemic responses may repre- 
sent different stages of the natural course. It is 
not clear whether patients with enhanced cell- 
mediated immunity to S. aureus and recurrent 
marginal ulceration, which requires treatment 
with corticosteroids, would benefit from desen- 
sitization.’”’* Our results suggest that this alter- 
native approach to therapy is worthy of trial as 
a specialist procedure. 

No relationship between the cell-mediated 
immune status to S. aureus antigen and titer of 
serum (predominantly IgG) or tear (predomi- 
nantly IgA) antibody to ribitol-teichoic acid 
was found. This is not surprising and occurs in 
other types of cell-mediated immunity, such as 
tuberculosis. Mondino, Caster, and Dethlefs’ 
found high serum titers to ribitol-teichoic acid 
in frequently immunized rabbits. This repre- 
sents an acute exposure, differing from the 
human who has been exposed to the antigen 
intermittently over many years. Additionally, 
no relationship was found between the isola- 
tion of S. aureus from eyelids and the cell-me- 
diated immune status of the patient. Kappler, 
Kotzin, and Herron,” however, have identified 
T-cell stimulation by S. aureus toxins, which act 
on specific sequences of their receptors for 
major histocompatibility complex protein-as- 
sociated antigen. The authors suggest that this 
may influence the reaction of different 
individuals to the presence of such staphylo- 
coccal toxins, which will thus interrelate with 
the cell-mediated immunity of the patient. 

If it is considered an absolute requirement 
that systemically expressed cell-mediated im- 
munity be present to S. aureus antigen as in the 
rabbit model,‘ then our results suggest that this 
is not true. Of 116 randomly selected patients 
with chronic blepharitis, 69 (60%) did not have 


systemic cell-mediated immunity to S. aureus 
antigen. For the remaining 47 patients (40%), 
systemic cell-mediated immunity to S. aureus 
antigens may have been a contributory factor. 
Local cell-mediated immune responses to S. 
aureus antigen could be investigated by rele- 
vant cell biology techniques. 

The use of topical corticosteroids for patients 
with marginal keratitis appears correlated with 
cell-mediated immunity to S. aureus, particular- 
ly to protein A. Systemic cell-mediated immu- 
nity may result from repeated episodes of S. 
aureus infection or colonization. Cell-mediated 
immunity, expressed as delayed-type hyper- 
sensitivity, has been found to be involved with 
the pathogenesis of blepharitis that features 
folliculitis.To this extent there is a similarity to 
the rabbit model.’ 
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OPHTHALMIC MINIATURE 

.. . I sat by the board and made all the moves: he would call his move, I 
would place the piece as he directed, and then I would tell him my 
counter-move. When he had beaten me he would go back over the game and 
tell me precisely the point at which I had gone wrong. I was awed by such a 
memory and such a spatial sense in a man who lived in darkness; he was 
contemptuous of me when I could not remember what I had done six or 
eight moves back, and of sheer necessity I had to develop the memory-trick 


myself. 


Robertson Davies, The Deptford Trilogy. The Manticore. 


New York, Penguin, 1983, p. 465 


Herpes Simplex Dendritic Keratitis After Keratoplasty 


Mark J. Mannis, M.D., Ronald D. Plotnik, M.D., Ivan R. Schwab, M.D., 
and R. Dale Newton, B.A. 


We treated three patients with herpes sim- 
plex dendritic keratitis that occurred between 
three and 11 months after keratoplasty. The 
patients had no history of herpetic infection. 
The eyes of two of the patients were grafted 
for corneal scarring of undetermined origin. 
The eye of the third patient was grafted for 
pseudophakic bullous keratopathy. At the 
time of onset of dendritic keratitis, all three 
patients were receiving either maintenance or 
higher doses of topical corticosteroids. All 
infections responded to topical antiviral treat- 
ment. The findings in these patients illustrate 
the importance of considering herpes simplex 
keratitis in the differential diagnosis of all 
late-onset epithelial defects in the corneal 
graft, even in the absence of a history of 
herpes simplex keratitis. 


The recurrence of active dendritic keratitis in 
patients after penetrating keratoplasty per- 
formed for the sequelae of herpes simplex virus 
infection is a well-documented postoperative 
complication of the procedure. The rate of re- 
currence of active herpes simplex infection af- 
ter corneal transplantation in such patients has 
been variably reported between 6% and 75%.'* 
The corneal surgeon is generally viligant for the 
recurrence of active herpetic disease in the eye 
that has been grafted for herpes simplex and is 
being treated with topical corticosteroids. Ac- 
cordingly, prophylaxis with antiviral agents is 
used routinely for varying periods of time post- 
operatively.® Although the occurrence of ocular 
herpes simplex infections has been described in 
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eyes grafted without previous history of mani- 
fest herpes simplex infection,’ recurrences of 
the virus are not expected in patients in whom 
herpes simplex has not been a clinical problem. 
In such patients, postoperative epithelial de- 
fects caused by herpes simplex virus are not 
generally suspected. 

Epithelial defects after corneal transplanta- 
tion are, nonetheless, commonplace occurrenc- 
es and are generally managed with ocular lubri- 
cants, patching, or bandage lenses that promote 
epithelial healing.” We treated three cases of 
herpes simplex virus dendritic keratitis in cor- 
neal allografts of patients with no previous 
history of herpes simplex infection before cor- 
neal transplantation. 


Case Reports 


Case 1 

A 71-year-old man was referred to our insti- 
tution in January 1990 for a painful pseudopha- 
kic bullous keratopathy. The patient had under- 
gone bilateral intracapsular cataract extraction 
20 years earlier and had secondary anterior 
chamber intraocular lens implantation in both 
eyes seven years before his referral for corneal 
edema. The patient had a previous retinal de- 
tachment repaired in the left eye, a pars plana 
vitrectomy for vitreous strands to the incision, 
and macular grid photocoagulation for chronic 
cystoid macular edema. At the time of the 
initial examination, visual acuity was R.E.: 20/ 
25 and L.E.: counting fingers. In the left eye, 
pertinent findings at the time of examination 
included central microcystic and bullous edema 
as well as moderate stromal edema. There was 
no evidence of corneal scarring, and there were 
several keratic precipitates. Corneal sensation 
was normal in both eyes as measured with a 
Cochet-Bonnet esthesiometer. There were signs 
of early peripheral corneal edema in the right 
eye as well. 

On March 14, 1990, the patient underwent a 
combined penetrating keratoplasty and intra- 
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ocular lens exchange in the left eye. The patho- 
logic specimen from the recipient cornea 
showed changes consistent with pseudophakic 
bullous keratopathy. The corneal epithelium 
healed promptly after the operation and re- 
mained intact. The early postoperative course 
was uneventful. The patient returned two 
months later with foreign body sensation. The 
only medication taken was topical predniso- 
lone sodium phosphate four times daily. The 
graft was clear; however, there were three small 
epithelial defects superiorly at the graft-host 
interface and a similar defect inferiorly. Immu- 
nofluorescent staining performed on corneal 
scrapings was positive for herpes simplex type 
I, and the patient was treated with trifluridine 
every two hours. Seven days later, he was reex- 
amined, and the epithelium was noted to be 
intact. The antiviral medication was tapered 
over the next week and discontinued. 

The patient continued to do well until July 
12, 1990, when he again had foreign body 
sensation, a red eye, and subjectively decreased 
vision. He had a large geographic ulcer extend- 
ing from the 8 o’clock to the 2 o’clock meridian 
along the graft-host interface and involving 
both donor and recipient cornea. Immunofluo- 
rescent antibody staining was once again posi- 
tive for herpes simplex type I, and the patient 
was treated with topical trifluridine every two 
hours with complete resolution of the epithelial 
defect over the next ten days. At five months 
after keratoplasty, the graft remained clear. 


Case 2 

A 56-year-old man was referred to our insti- 
tution in January 1989 for corneal transplanta- 
tion after a previously failed graft performed 
for scarring secondary to a corneal ulcer of 
undetermined origin. Both the initial disease 
process and the previous keratoplasty were 
performed 20 years before the patient’s refer- 
ral. At the initial examination, visual acuity was 
R.E.: 20/100 and L.E.: 20/20. Pertinent 
findings included a normal external ocular ex- 
amination with no evidence of abnormal skin or 
eyelid findings. Examination of the right eye 
disclosed a large graft with diffuse, patchy 
scarring throughout the stroma, stromal thin- 
ning, and the presence of both active and ghost 
vessels in the stroma. Corneal sensation was 
normal in both eyes as measured with a Cochet- 
Bonnet esthesiometer. Nuclear sclerosis and 
cortical lens opacities were noted in the right 
eye. Examination of the left eye was normal. 

On March 21, 1989, the patient underwent a 


combined penetrating keratoplasty, extracap- 
sular cataract extraction, and posterior cham- 
ber intraocular lens implantation. Histopatho- 
logic examination of the recipient button was 
consistent with corneal scarring, stromal vascu- 
larization, and early band keratopathy. 

The postoperative course was uneventful, 
and the graft remained clear. At 11 months 
postoperatively, best-corrected visual acuity 
had improved to 20/40. A regimen of topical 
corticosteroids was continued over this period 
and was tapered gradually to once daily. On 
May 8, 1990 (14 months postoperatively), the 
patient described a history of redness, tearing, 
and decreased vision for one week. Visual acu- 
ity had decreased to 20/400. There was diffuse 
mild conjunctival injection without discharge, 
moderate epithelial and stromal edema, moder- 
ate granulomatous (mutton fat) keratic precipi- 
tates, and a distinct inferior endothelial rejec- 
tion line. Acute graft rejection was diagnosed, 
and the patient was treated with a subconjunc- 
tival injection of dexamethasone (2 mg), oral 
prednisone (60 mg daily for three days with 
tapering over one week), topical prednisolone 
sodium phosphate (1% every hour while 
awake), and dexamethasone ointment at bed- 
time. The patient was examined 48 hours later 
with slight improvement in visual acuity to 
20/200. There was persistent moderate epithe- 
lial and stromal edema. Additionally, there 
were several small dendriform epithelial de- 
fects (Fig. 1). Corneal scrapings were taken for 
immunofluorescent antibody staining and viral 
culture, both of which were positive for herpes 
simplex type I. 

Treatment with trifluridine every two hours 
was initiated, and topical corticosteroid thera- 
py was decreased to every two hours. Four days 
later the epithelial defect was almost complete- 
ly resolved, but corneal edema persisted. Tri- 
fluridine application was diminished to four 
times daily, and topical corticosteroid therapy 
was continued every two hours. There was no 
further recurrence of dendritic lesions of the 
cornea. The corneal edema, presumably result- 
ing from the graft reaction, however, persisted 
despite continued topical corticosteroid thera- 
py and antiviral prophylaxis with vidarabine 
ointment once daily. Visual acuity remained at 
20/400. 


Case 3 

A 56-year-old man was referred to our insti- 
tution for penetrating keratoplasty. The patient 
had a history of a corneal ulcer in the right eye 
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Fig. 1 (Mannis and associates). Case 2. Central 
corneal edema and keratic precipitates associated 
with graft reaction (top) accompanied by paracentral 
dendrites in graft (bottom). 


of undetermined origin 31 years before his 
referral and a similar ulcer eight years before 
his referral. At the initial examination, visual 
acuity was R.E.: counting fingers and L.E.: 20/ 
30-2. In the right cornea there was a full- 
thickness, axial, dense, gray-white corneal scar 
with slight stromal thinning. Corneal sensation 
was 5/6 using a Cochet-Bonnet esthesiometer. 
Background and preproliferative retinopathy 
was found on retinal examination. 

On Dec. 20, 1989, the patient underwent an 
uncomplicated penetrating keratoplasty in the 


right eye. Histopathologic examination of the 
excised cornea disclosed absence of Bowman's 
layer centrally with scarring and thinning of the 
stroma. The stroma was diffusely hypercellular 
with multiple stromal vessels. The initial post- 
Operative course was uneventful, and visual 
acuity improved to 20/200 during the first four 
months postoperatively. On May 24, 1990 (five 
months postoperatively), the patient had a rou- 
tine follow-up examination and had no ocular 
symptoms. Examination, however, disclosed a 
dendritic epithelial defect straddling the graft- 
host interface superotemporally (Fig. 2). Immu- 
nofluorescent antibody staining was positive 
for herpes simplex type I. The diagnosis estab- 
lished by immunofluorescent staining was con- 
firmed by viral culture. The patient was treated 
with trifluridine every two hours, and topical 
prednisolone sodium phosphate was reduced 
from four times daily to three times daily. 
During the next two weeks, the epithelial lesion 
resolved completely, and the corneal graft re- 
mained clear. 





Discussion 





The occurrence of epithelial defects in the 
postoperative corneal graft may signal a variety 
of events. In the immediate postoperative peri- 
od (one to ten days), epithelial defects are 
common and usually result from sloughing of 
donor epithelium or from intraoperative surgi- 
cal trauma to the epithelium.*'’” Generally, 
these defects are of short duration and require 
minimal treatment.’ Conversely, epithelial 
defects occurring soon after surgery in patients 
with ocular surface abnormalities from condi- 
tions such as previous alkali burn or dry eye 
require assiduous care to promote epithelial 
healing and maintenance of epithelial integrity. 
Persistent epithelial defects represent a com- 
mon cause of graft failure in patients with 
ocular surface disorders, including pemphi- 
goid, Stevens-Johnson syndrome, aqueous-de- 
ficiency dry eye, alkali burns, infectious disor- 
ders such as herpes simplex and herpes zoster, 
chronic neurotrophic ulcers, poor incision ap- 
position with graft override, and eyelid abnor- 
malities." Late developing corneal epithelial 
defects, occurring more than one month post- 
operatively, are rare in grafted eyes with 
otherwise normal ocular surface and adnexa. 
Such defects usually result from trauma to the 
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Fig. 2 (Mannis and associates). Case 3. Paracentral corneal dendrite in graft stained with rose bengal (left) and 
fluorescein (right). 


epithelium from a hand or contact lens, medica- 
tion toxicity, or, less commonly, an acute epi- 
thelial rejection reaction.” 

The frequency of epithelial defects from re- 
current epithelial herpes keratitis in the corneal 
graft has been reported in clinical reports to 
range from 6% to 75%'* and may increase 
during periods of treatment with higher doses 
of corticosteroids.""" In patients with no previ- 
ous history of herpes simplex keratitis, howev- 
er, the occurrence of dendritic disease in the 
graft would not normally be expected. Salis- 
bury and associates” reported three cases of 
epithelial herpes infection after penetrating 
keratoplasty in patients with corneal opacities 
unrelated to herpes simplex virus infection. 
Each of their patients had undergone or was 
undergoing immune graft rejection. The au- 
thors concluded that herpes simplex infection 
should be considered in patients with an immu- 
nologically compromised graft, even in the ab- 
sence of known herpetic disease, since allograft 
rejection may result in the activation of latent 
virus in the trigeminal ganglion. Only one of 
our patients, however, had an immune graft 
reaction associated with the development of 
herpes simplex virus keratitis. 

We treated three patients with no history of 
herpes simplex keratitis. One patient had pseu- 
dophakic bullous keratopathy and no clinical 
suggestion of previous viral disease. Two pa- 
tients (Cases 2 and 3) each had a history of 
corneal ulceration many years before kerato- 
plasty but no documentation of cause. In the 
patient in Case 2, corneal sensation was nor- 
mal, and the scarring was not the typical ante- 


rior stromal scarring seen in herpes simplex. In 
the patient in Case 3, there was a history of a 
single recurrence of the corneal ulcer but no 
suggestion that this was herpetic in origin. In 
each of our patients, the diagnosis of herpes 
simplex keratitis was established only after un- 
expected occurrence of dendritic ulceration in 
the graft 1% to five months postoperatively. In 
all three patients, the eye was being treated 
with topical prednisolone sodium phosphate 
1%. Two patients (Cases 1 and 3) were receiving 
the medication four times daily. The other pa- 
tient (Case 2) was being treated intensively 
with hourly doses of topical prednisolone sodi- 
um phosphate, a nightly dose of dexametha- 
sone ointment, and 60 mg of systemic predni- 
sone for the treatment of an acute graft 
reaction. 

Since all three patients had new-onset den- 
dritic keratitis within a 17-day period in May 
1990, office records were checked carefully to 
determine whether the three patients were ex- 
amined on the same day postoperatively near 
the time of onset of the herpes simplex infec- 
tions to rule out a common source of infection. 
None of the patients was examined on the same 
day before or during this period. In a similar 
fashion, office attendance records were checked 
to determine whether the three patients visited 
the office in common with any patient with 
known herpetic keratitis. This analysis was also 
noncontributory. There was no evidence of her- 
petic whitlow in office personnel. 

The findings in these patients demonstrate 
the importance of considering herpes simplex 
keratitis in the differential diagnosis of late- 
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onset epithelial defects after keratoplasty even 
in the absence of a history of herpes keratitis. 
Epithelial lesions or anterior uveitis caused by 
herpes simplex infection may be difficult to 
distinguish from epithelial defects from other 
causes in the graft eye or from the uveitis 
associated with immune graft reaction. We 
speculate that two of our patients (Cases 2 and 
3) may indeed have had herpes simplex previ- 
ously, although neither the history nor the 
physical findings suggested this diagnosis ini- 
tially. In the third patient (Case 1), there was no 
suggestion of herpes simplex before its appear- 
ance more than one month after keratoplasty. 

An important factor predisposing to the de- 
velopment of herpetic keratitis in these patients 
may have been the use of topical corticoste- 
roids, which are routinely used in graft eyes as 
an antiinflammatory and immunosuppressive 
agent. Corticosteroids lower the threshold for 
herpetic infection,” and in patients with latent 
herpes simplex, this may have permitted the 
emergence of active infection. This is of partic- 
ular concern in the patient who was being 
treated with increased doses of topical cortico- 
steroids (Case 2), who developed a graft reac- 
tion and required higher doses of cortico- 
steroids. Alternatively, the development of 
epithelial defects in patients taking intensive 
corticosteroid regimens may result from the 
adverse effect of corticosteroids on epithelial 
healing. Collectively, the findings in these 
patients demonstrate the need to consider her- 
petic keratitis in the differential diagnosis of 
early- and late-onset postkeratoplasty epitheli- 
al defects with or without a history of previous 
herpes infection. 
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Initial Glaucomatous Optic Disk and Retinal Nerve Fiber 


Layer Abnormalities and Their Progression 





Anja Tuulonen, M.D., and P. Juhani Airaksinen, M.D. 


We attempted to identify the initial glauco- 
matous changes of the optic disk and retinal 
nerve fiber layer and to analyze how these 
changes subsequently progressed. Of 61 eyes 
of 61 patients with ocular hypertension, 23 
(38%) developed glaucoma during ten years of 
follow-up (range, five to 15 years). The initial 
sign of glaucomatous damage was diffuse en- 
largement of the optic disk cup in ten of 23 
eyes or generalized thinning of the nerve fiber 
layer without localized changes in 12 of 23 
eyes. We found localized optic disk damage in 
ten of 23 patients and localized retinal nerve 
fiber layer damage in 11 of 23 patients alone or 
in combination with diffuse damage. In 13 of 
23 eyes, the cupping ended up in diffuse en- 
largement with even more profound thinning 
of the neural rim in the upper and lower 
temporal disk margins. There seems to be 
great variability in the appearance and pro- 
gression of the initial glaucomatous optic disk 
and nerve fiber layer abnormalities in patients 
with increased intraocular pressure. 


The appearANCE of the glaucomatous optic 
nerve head depends on the number of ganglion 
cell axons. The loss of axons in glaucomatous 
eyes results in localized notching of the neural 
tissue, concentric enlargement of the optic cup, 
or both.!* The glaucomatous damage is visible 
both in the retinal nerve fiber layer and the 
optic disk. Although the glaucomatous optic 
disk changes are well documented in numerous 
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cross-sectional studies,’“ there are only a few 
longitudinal studies where the first detectable 
signs of axon damage and their progression in 
the optic disk have been defined.** Even fewer 
studies have specifically investigated serial 
photographic changes in the appearance of the 
retinal nerve fiber layer either in monkey*”’ or 
human eyes.’ 

We attempted to identify the initial observ- 
able glaucomatous changes in the optic disk 
and retinal nerve fiber layer in ocular hyperten- 
sive eyes in which glaucoma was developing. 
We also analyzed the mode of subsequent pro- 
gression of these abnormalities and studied the 
relationship between nerve fiber layer and optic 
disk changes. 





Patients and Methods 





The patients of this study were a subset of a 
larger patient population consisting of 96 eyes 
of 96 patients with ocular hypertension. All 
patients had at least three pairs of optic disk 
stereophotographs taken during a minimum of 
five years of follow-up. 

For this study we defined ocular hypertension 
as intraocular pressure of more than 22 mm Hg, 
normal visual fields (examined with a Fried- 
mann visual field analyzer), normal optic disks, 
and normal retinal nerve fiber layer. Of the 96 
eyes, we therefore excluded 20 eyes (21%) in 
which, despite the normal visual field and nor- 
mal appearance of the optic disk, the nerve fiber 
layer was abnormal in the first pair of photo- 
graphs. Additionally, 15 of 96 eyes (16%) were 
excluded because the fundus pigmentation was 
too light or the photographs were of too poor 
quality for sequential retinal nerve fiber layer 
evaluation. 

The mean period of follow-up of the remain- 
ing 61 patients was 9.7 + 2.8 years (range, five 
to 15 years). There were 25 men and 36 women 
with a mean age of 54.1 years (range, 25 to 75 
years). During the follow-up period, the optic 
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disks had been photographed three to eight 
times (mean, 4.8 times). The patients had been 
photographed an average of once every two 
years. One eye of each patient was analyzed. 

Analysis of the photographs of the 61 pa- 
tients with ocular hypertension showed that 23 
patients (38%) (ten men and 13 women) 
developed typical glaucomatous abnormalities 
of the optic disk, retinal nerve fiber layer, or 
both during the follow-up period. 

Optic disk stereophotographs (enlarged 13 x 
18-cm paper copies) were taken with a Zeiss 
fundus camera using an Allen stereoseparator 
with a fixed stereobasis of 2.5 mm. The 30- 
degree picture angle allowed visibility of a 
large peripapillary area. We used black-and- 
white Kodak Panatomic-X film and a green 
Wratten 58 filter. Since 1982, retinal nerve fiber 
layer photographs (18 x 23-cm enlarged paper 
prints) were taken with a wide-angle Canon 
camera using the same film and a narrow-band 
blue interference filter with 495-nm_ wave- 
length. 

The optic disks were evaluated from the ster- 
eophotographs by one of us (A.T.) in a masked 
fashion with no clinical information available. 
All stereophotographs of a single patient were 
analyzed in one session without knowledge of 
the sequence of the photographs to determine 
whether there was a change in the optic disk 
and whether the change was localized, gen- 
eralized, or both. The magnification-cor- 
rected neuroretinal rim area, optic disk area, 
and cup/disk area ratio were measured from the 
optic disk stereophotographs as previously de- 


TABLE 
THE TYPE OF INITIAL GLAUCOMATOUS OPTIC DISK 
AND RETINAL NERVE FIBER LAYER DAMAGE 





IN 23 EYES 
INTRAOCULAR 
HEMOR- PRESSURE EXFOLI- 
RHAGE (MM Hg) ATION 
TYPE OF OS — 
DAMAGE NO. (%) NO. (%) INITIAL HIGHEST NO. (%) 
Optic Disk 


Generalized 10 (44) 2 (20) 25.8+4.9 34.1+6.5 6 (67) 

Local notch 6 (26) 6 (60) 27.2+4.0 29.5+3.2 1 (11) 

Both 4 (17) 2 (20) 26.0+3.7 28.0+3.3 2 (22) 

Pale disk* 3 (13) O (0) 23.7+2.3 27.3+3.1 0 (0) 
Retinal Nerve Fiber Layer 


Diffuse 12 (52) 2 (20) 25.4+4.0 30.7+4.1 5 (56) 
Local 7 (31) 5 (50) 28.4+4.9 31.3+7.6 2 (22) 
Both 4 (17) 3 (30) 23.0+4.1 31.0424 2 (22) 


E, 
*Pale neuroretinal rim with no change of configuration. 








Fig. 1 (Tuulonen and Airaksinen). Optic disk divid- 
ed into six sectors for location of localized optic disk 
and retinal nerve fiber layer changes (left eye). Local- 
ized optic disk changes were found in sector A in four 
of ten eyes; in sector D in four of ten eyes; and in both 
sectors A and D in two of ten eyes. Localized nerve 
fiber layer changes were found in sector A in six of 11 
eyes; in sector D in four of 11 eyes; and in both 
sectors A and D in one of 11 eyes. 


scribed.” 

The retinal nerve fiber layer was analyzed by 
one of us (P.J.A.) using the optic disk stereo- 
photographs (27 of 61 eyes [44%]) and retinal 
nerve fiber layer photographs (34 of 61 eyes 
[56%]). The analysis was performed in random 
order in a completely masked fashion with 
optic disks covered and no clinical information 
available. 

For statistical analysis, differences between 
group means were tested with t-test or analysis 
of variance. Frequency distributions of discrete 
variables were tested with Fisher’s test of exact 
probability. The level of statistical significance 
was chosen as P < .05. 





Results 





Of 61 eyes with ocular hypertension, 23 
developed glaucoma (Table). Optic disk hemor- 
rhages were statistically significantly more fre- 
quent in eyes with localized notching compared 
to eyes with generalized enlargement of the 
optic cup (P = .004, Table). Neither the initial 
intraocular pressure nor the highest intraocular 
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Fig. 2 (Tuulonen and Airaksinen). The type of initial glaucomatous optic disk abnormalities and their 


progression. All eyes are presented as left eyes. 


pressure measured were statistically signifi- 
cantly different between the groups. There were 
fewer eyes with lens exfoliation in the group 
with localized damage, but the differences did 
not reach statistical significance (Table). 

The mean initial neuroretinal rim area was 
smaller (1.16 + 0.11 mm’) in eyes with local- 
ized notching than in eyes with generalized cup 
enlargement (1.41 + 0.17 mm’; P = .009). There 
was no Statistically significant difference in the 
mean cup/disk area ratios between eyes with 
local notching (0.40 + 0.06) and generalized 
cup enlargement (0.31 + 0.11). The optic disks 
were larger in eyes with diffuse damage (2.08 + 
0.29 mm’) compared to eyes with local damage 
(1.92 + 0.15 mm’), but the difference did not 
reach statistical significance. 


Both the first localized optic disk and retinal 
nerve fiber layer changes were located rather 
symmetrically in upper and lower temporal 
regions (Fig. 1). There were no localized chang- 
es in the nasal and papillomacular sectors. The 
type and sequence of progression of the glauco- 
matous optic disk and retinal nerve fiber layer 
changes are shown in Figures 2 and 3. 

The retinal nerve fiber layer and optic disk 
changes were concordant in 14 of 23 eyes 
(61%). In nine eyes, localized disk changes 
were not associated with localized retinal nerve 
fiber layer changes and generalized cup en- 
largement was not associated with diffuse reti- 
nal nerve fiber layer thinning, or vice versa. 

In 16 of 23 eyes (70%) retinal nerve fiber layer 
and optic disk abnormalities were observed 
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Fig. 3 (Tuulonen and Airaksinen). The type of first glaucomatous retinal nerve fiber layer (RNFL) abnormalities 


and their progression. All eyes are presented as left eyes. 


simultaneously. Four eyes initially had optic 
disk changes and then had retinal nerve fiber 
layer changes. Three eyes initially had retinal 
nerve fiber layer changes and then had optic 
disk changes. 


Discussion 


In most eyes the initial sign of glaucomatous 
abnormality was diffuse damage both in the 
optic disk (ten of 23 eyes [44%]) and the retinal 


nerve fiber layer (12 of 23 eyes [52%]). This 
finding is in agreement with previous longitu- 
dinal and cross-sectional’ reports on the type 
of glaucomatous optic disk cupping. Shiose’ 
and Odberg and Riise’ have shown local rim 
notching to be more prevalent. We found local- 
ized optic disk damage in ten of 23 patients 
(44%) and localized retinal nerve fiber layer 
damage in 11 of 23 patients (48%) alone or in 
combination with diffuse damage (Table). 
There are only a few longitudinal follow-up 
studies on human eyes dealing with the devel- 
opment of initial retinal nerve fiber layer abnor- 
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malities. Sommer and associates"! found pre- 
dominantly local changes in ten patients with 
initial ocular hypertension, as did Iwata, 
Nanba, and Abe” in a study of five patients 
with Posner-Schlossman syndrome. Our results 
are in agreement with a later experimental 
study of Iwata, Kurosawa, and Sawaguchi’ on 
monkeys in which they found diffuse retinal 
nerve fiber layer loss alone with no localized 
changes, in addition to diffuse damage com- 
bined with or followed later by a retinal nerve 
fiber layer wedge. Conversely, Quigley” report- 
ed retinal nerve fiber layer changes developing 
and progressing predominantly locally in mon- 
keys. 

In 14 of 23 patients (61%), the retinal nerve 
fiber layer findings were concordant with the 
optic disk findings, as would be expected. The 
discrepancies may be because wide-angle reti- 
nal nerve fiber layer photography was available 
only after 1982. This may also influence the 
higher percentage of diffuse retinal nerve fiber 
layer loss than we previously reported in a 
cross-sectional study." A relatively long two- 
year interval between the photographs may 
affect the retinal nerve fiber layer and disk 
changes being found simultaneously in most 
patients. Our previous studies have indicated 
that retinal nerve fiber layer damage is seen 
earlier than optic disk changes.’* In our study, 
20 of 96 eyes (21%) were excluded because of 
abnormal nerve fiber layer in the presence of 
normal optic disk and visual field. 

Optic disk hemorrhages were more frequent 
in eyes with local notching (Table), as it has 
been well established in published reports. 
From the final disk appearance at the last exam- 
ination, however, it was not possible to tell 
which eyes had shown hemorrhages. This is in 
agreement with our previous results, which 
indicated that hemorrhages show the location 
of future damage, but glaucomatous optic disk 
changes may progress similarly with and with- 
out an optic disk hemorrhage." 

The initial neuroretinal rim area was smaller 
in eyes with localized notching compared to 
eyes with generalized cup enlargement, which 
is possibly because of the difference in disk 
size. Eyes with localized changes had some- 
what smaller disks than eyes with diffuse en- 
largement of cupping. It is also possible that 
eyes with localized notching were already gen- 
erally damaged before the development of local 
change.” The normal retinal nerve fiber layer 
appearance, however, does not support this 
concept. 


Several studies'**® have found the type of 
cupping to be dependent on intraocular pres- 
sure level with local notching occurring at mod- 
erate intraocular pressure levels and diffuse cup 
enlargement at higher intraocular pressure lev- 
els. In our study, the type of neither glaucoma- 
tous optic disk nor retinal nerve fiber layer 
damage was dependent on intraocular pressure 
level, which agrees with the findings of Peder- 
son and Anderson.’ 

The interindividual variability in the appear- 
ance of initial glaucomatous optic disk and 
retinal nerve fiber layer damage seems to be 
large, and the type of future progression is 
difficult to foretell. Because diffuse changes 
without localized abnormalities constitute the 
most common finding, frequent photography is 
necessary to discover the early changes. The 
best information is obtained by combining op- 
tic disk and wide-angle retinal nerve fiber layer 
photography. Generalized thinning of the reti- 
nal nerve fiber layer, however, is most difficult 
to judge and requires an experienced observer. 
Therefore, computerized quantitative retinal 
nerve fiber layer analysis or laser techniques 
may offer a solution for reliable diagnostics in 
early glaucoma. 
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Intraocular Pressure and the Rate of Visual Field Loss in 


Chronic Open-Angle Glaucoma 
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and Da Ching Wu, Ph.D. 


We measured the rate of change of visual 
field threshold values over time (mean follow- 
up, 44.9 + 17.4 months) by trend analysis in 40 
eyes of 40 patients with chronic open-angle 
glaucoma. Twenty-eight eyes had stable visu- 
al fields, and two eyes had significant visual 
field improvement. Ten eyes had significant 
visual field deterioration and showed a corre- 
lation between indices of intraocular pressure 
(standard error of the mean, P = .02; standard 
deviation, P = .04; and range, P = .05) and the 
rate of visual field loss in the superonasal 
region of the visual field, such that the greater 
the variation of intraocular pressure the great- 
er the rate of loss. The group losing visual 
fields had a higher mean visual field threshold 
value and significantly less optic disk pallor 
and cupping at the start of the study than the 
stable visual field group. Thus, a significant 
rate of visual field loss occurred at an earlier 
stage of the disease and showed a correlation 
with intraocular pressure in this stage. 


REDUCTION oF INTRAOCULAR PRESSURE by medi- 
cal and surgical means is the cornerstone of 
treatment for chronic open-angle glaucoma. 
The purpose of reducing intraocular pressure is 
to prevent, or at least slow down, the progres- 
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sion of visual field loss. In a recent review of 
126 eyes with chronic open-angle glaucoma 
followed up over five years with automated 
perimetry, 84 (67%) had stable visual fields 
when intraocular pressure was below 21 mm 
Hg at all visits.’ A reduced level of intraocular 
pressure, however, does not guarantee protec- 
tion from further damage to the visual field. 
Progressive visual field loss has been docu- 
mented in 18% to 40% of patients with chronic 
open-angle glaucoma despite intraocular pres- 
sure in the normal range after filtration sur- 
gery,’ whereas other studies have reported 
that approximately 75% of patients given treat- 
ment continued to lose visual field.*” Using 
trend analysis, we conducted a review to deter- 
mine the rate of visual field loss over time in 
eyes with chronic open-angle glaucoma and to 
observe what relationship the intraocular pres- 
sure and other ocular and systemic variables 
had with the rate of change of the visual field. 


Patients and Methods 


Patients were included in the study if they 
fulfilled the following criteria: a diagnosis of 
high-pressure open-angle glaucoma (that is, 
intraocular pressure of 21 mm Hg or greater on 
two separate occasions, open angles by gonios- 
copy, and characteristic optic nerve and visual 
field defects); a minimum follow-up period of 
20 months; visual acuity of 20/40 or better; five 
or more automated visual fields on the Octopus 
2000R perimeter; and localized visual field de- 
fects. We excluded subjects with a history of 
topical or systemic corticosteroid use. 

Using the automated visual field data base of 
the glaucoma service at our institution,’ we 
identified 40 patients who met the criteria and 
randomly selected one eye of each patient for 
further investigation if both eyes qualified for 
inclusion. The charts of all patients were re- 
viewed, and data on age, sex, race, refractive 
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error, family history of glaucoma, and medical 
and surgical history were obtained. Measure- 
ments of intraocular pressure (Goldmann ap- 
planation tonometer) and systemic brachial 
blood pressure (sphygmomanometer, sitting 
position) taken during the study period were 
recorded and used in the analysis. Intraocular 
pressure readings taken within one month of 
either laser or intraocular surgery were not 
included. The study period was defined as the 
time interval between and including the first 
and last visual field tests. All patients were 
given treatment at the time of the initial visual 
field examination and at all subsequent visits. 
Details of the type of medical and surgical 
treatment and the duration of use (calculated 
on a monthly basis) of all topical and systemic 
glaucoma medications were gathered from the 
charts. Visual acuity of all patients at the start 
and end of the study was obtained, and the 
mean value was expressed as a ratio. 

Visual fields—The visual fields were deter- 
mined on an Octopus 2000R perimeter. All 
patients had programs 7 and 33 performed 
before inclusion in the study, and only program 
31 fields were used in the study. The type of 
visual field defect at the beginning of the study 
ranged from early localized loss to advanced 
loss (defined as involvement of three or more 
quadrants). 

The threshold data of the 73 test points were 
stored in a computerized data base and later 
retrieved to perform trend analysis, which had 
a software package system to assess the direc- 
tion and rate of change of the visual field over 
time. A linear regression plot was obtained of 
the mean threshold value in decibels (dB) for 
each individual visual field compared with time 
in months. This was done only after a minimum 
of five visual field measurements had been 
performed and then again after each subse- 
quent visual field test. Statistical analysis 
provided data on the whole visual field, seven 
selected regions of the visual field, and the 73 
individual test points. The seven regions of the 
visual field were the nasal, temporal, super- 
onasal, superotemporal, inferonasal, infero- 
temporal, and the central region (Fig. 1).* The 
printout of the software package included the 
date and mean threshold value of each visual 
field, the equation and slope (dB/month) of the 
regression line (trend analysis slope), and the 
statistical analysis of the data using both Spear- 
man and Pearson correlations, with the corre- 
sponding P values for significance of the slope 
being different from zero. We used only the 


April, 1991 





x xX x x x 


x 

Fig. 1 (O’Brien and associates). Map of the central 
30 degrees presented as the left eye. The regions are 
numbered 1 through 7 with the number of test points 
per region in parentheses; test points not included in 
the analysis are marked with an X. Region 1 is 
superotemporal; region 2 is superonasal; region 3 is 
temporal; region 4 is central; region 5 is nasal; region 
6 is inferotemporal; and region 7 is inferonasal. 


Spearman P values to determine statistical sig- 
nificance. 

For each patient, the measurements of pupil 
size, percentage of false-positive and false- 
negative responses, and the root mean square 
of each visual field test during the study period 
were tabulated, and the average value was cal- 
culated. 

Optic disk and retinal nerve fiber layer mea- 
surements—Optic disk cupping and the retinal 
nerve fiber layer thickness at the optic disk 
margin were measured by photogrammetry by 
one of us (T.T.) from sets of simultaneous 
stereophotographs taken at the same examina- 
tion with a Donaldson stereofundus camera.” 
Optic disk pallor was measured by one of us 
(C.O.) using computerized image analysis, with 
manually applied plan points, from optic disk 
color photographs taken with a Zeiss fundus 
camera." The area of disk pallor (square milli- 
meters) and cup area (square millimeters) were 
expressed as ratios of disk area (square millime- 
ters); cup volume (cubic millimeters) and cup 
depth (millimeters) were expressed as a ratio of 
disk area (square millimeters); and cup slope 
was expressed in degrees. Retinal nerve fiber 
layer thickness (millimeters) was expressed as a 
ratio of the vertical disk radius (millimeters). 
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The measurements were performed in a masked 
fashion as to the visual field status. 

The photographs analyzed were taken within 
six months of the initial visual field at the 
beginning of the study. The time interval (mean 
+ standard deviation) in months between the 
date of the photograph and the date of the 
initial visual field was 0.4 + 2.4 months for 
optic disk pallor and 1.7 + 2.7 months for optic 
disk cupping and retinal nerve fiber layer thick- 
ness. The pallor, cupping, and nerve fiber layer 
measurements were performed twice to assess 
reproducibility, and the average value was used 
in the study. Single measurements of two sets 
of stereophotographs were determined inde- 
pendently for optic disk cupping and nerve 
fiber layer thickness, and duplicate measure- 
ments of a single digitized image were per- 
formed independently for disk pallor. The 
mean + standard deviation for percent coeffi- 
cient of variation (standard deviation/mean X 
100) for differences between duplicate meas- 
urements of the total optic disk was 2.8 + 2.1% 
for pallor, 6.0 + 3.8% for cup volume, and 4.7 
+ 3.2% for total nerve fiber layer thickness. 

Statistical analysis—Nonparametric tests 
were used to test for a significant difference in 
the frequency distribution of two populations 
(Mann-Whitney U) and for correlations be- 
tween variables (Spearman rank coefficient).” 
Discrete variables were compared with the chi- 
square test (x*, Fisher’s exact test). A probabili- 
ty value (two-tailed test) of less than or equal to 
.05 was considered significant, and a value of 
greater than .05 to .10 was considered to be of 
borderline significance. The statistical tests 
were performed using BMDP software pro- 
grams.’ 


Results 


Forty eyes of 40 patients were followed up for 
a mean period of 44.9 + 17.4 months (range, 20 
to 78 months), during which time the mean 
intraocular pressure was 16.7 + 2.4 mm Hg. 
There were 23 men and 17 women; 30 patients 
were white and ten were black. Twenty-six 
patients had chronic open-angle glaucoma, ten 
had the pigmentary dispersion syndrome,” and 
four had pseudoexfoliative glaucoma.” The rate 
of visual field loss of the whole group, as 
measured by the trend analysis slopes, was 
—0.029 + 0.075 dB/month, and the range was 
from —0.24 to +0.12 dB/month. Twenty-two 
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eyes had negative slopes, and 18 eyes had 
positive slopes. 

Ten of the 22 negative slopes were statistical- 
ly significant (Spearman P < .05; —0.116 + 
0.065 dB/month; range, —0.03 to —0.24 dB/ 
month). Therefore, 25% (ten of 40) of the eyes 
had a significant rate of visual field deteriora- 
tion. Two of the 18 positive slopes were signifi- 
cant, +0.085 + 0.035 dB/month, which indi- 
cated that 5% (two of 40) of the eyes had a 
significant rate of visual field improvement. 
Thus, 28 of 40 eyes (70%) had nonsignificant 
slopes and were judged to have stable visual 
fields (mean, —0.006 + 0.036 dB/month; range, 
—0.08 to +0.12 dB/month). The mean rate of 
visual field loss in the group losing visual fields 
was almost 20 times that of the group with 
stable visual fields. 

We proceeded to compare the stable visual 
field group with the group losing visual field to 
identify whether there were other ocular or 
systemic features that would help to define the 
groups. For statistical analysis, the two eyes 
with a significant rate of visual field improve- 
ment were pooled with the stable visual field 
group. A review of the systemic features of both 
groups showed that there was no significant 
difference in the age, sex, race, family history of 
glaucoma, follow-up time, medical history of 
diabetes mellitus, or in the level of systolic and 
diastolic blood pressure (Table 1). Seven of the 
patients with stable and improving visual fields 
and none of the patients losing visual fields had 
a history of treated systemic hypertension, but 
this difference was not significant. The ocular 
characteristics did not show any significant dif- 
ferences between the groups in the type of 
glaucoma, refractive error, initial or final visual 
acuity, or frequency of observed optic disk 
hemorrhage (Table 1). The groups were not 
significantly different in the various indices of 
intraocular pressure. The indices of intraocular 
pressure used in the analysis refer only to those 
measurements recorded during the study peri- 
od. In the group with stable and improving 
visual fields, seven eyes had argon laser trabec- 
uloplasty, four eyes had cataract surgery, and 
three eyes had a trabeculectomy before the 
study began. In the group losing visual fields, 
four eyes had argon laser trabeculoplasty be- 
fore the study. One eye from each group had a 
combined cataract extraction and trabeculec- 
tomy before the study. 

A comparison of the visual field data is shown 
in Table 2. The group losing visual fields had a 
greater mean number of visual field examina- 
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TABLE 1 
SYSTEMIC AND OCULAR CHARACTERISTICS* 





STABLE AND 
IMPROVING LOSING 
VISUAL FIELDS VISUAL FIELDS 
(N = 30) (N = 10) 
Age (years) 60.3 + 11.2 62.6 + 15.6 
Sex 
Men:Women 19:11 5:5 
Race 
White: Black 23:7 8:2 
Follow-up (months) 44.6 + 16.2 46.0 + 21.5 
Family history of glaucoma 6 3 
Systemic hypertension 7 0 
Diabetes mellitus 4 0 
Blood pressure (mm Hg) 
Systolic 132 + 14 leo = 71 
Diastolic 78 +6 75624 
Diagnosis 
Chronic open-angle glaucoma 20 6 
Pigment dispersion 8 2 
Pseudoexfoliation 2 2 
Refractive error (spherical 
equivalent in diopters) —0.74 + 3.4 -0.18 + 1.6 
Visual acuity 
Beginning of study 0.78 + 0.17 0.76+ 0.17 
End of study 0.75+0.19 0.67 + 0.13 
Disk hemorrhage (eyes) 6 3 
Intraocular pressure (mm Hg) 
Mean 16.8 + 2.5 16.5 + 1.8 
Median 16.5 + 2.4 16.3 + 2.0 
Standard deviation 3.0 + 1.2 3.4 + 1.0 
Standard error of the mean 0.77+0.27 0.83 + 0.48 
Peak 23.1 + 5.4 23.9 + 4.1 
Range 11.0253 12.4 + 4.2 





“Values given are mean + standard deviation. 


tions per eye than the stable and improving 
visual field group, but this was not significant. 
At the initial visual field test, the mean thresh- 
old value in the total visual field and in all of 
the regions of the visual field, except the infero- 
nasal and inferotemporal regions, was higher in 
the group losing visual fields than in the stable 
and improving visual field group. This differ- 
ence was significant in the temporal region (P = 
.049) and was of borderline significance in the 
superotemporal region (P = .059). In the group 
with stable and improving visual fields, the 
regions with the lowest mean threshold values 
at the initial visual field test were the super- 
onasal, superotemporal, and nasal areas. The 
nasal and superonasal regions also had the 
lowest mean threshold values in the group 
losing visual fields. There were no significant 


differences between the groups in the pupil 
size, percentage of false-positive and false- 
negative responses, or root mean square values. 

The rate of change of the total visual field as 
well as the various regions of the visual field for 
the two groups are given in Table 3. Highly 
significant differences between the two groups 
in the rate of visual field loss are seen in all the 
regions and the total visual field. In the group 
losing visual fields, all seven regions had nega- 
tive trend analysis slopes. In the group with 
stable and improving visual fields, positive 
slopes were seen in the nasal, superonasal, 
inferonasal, and superotemporal regions. Re- 
viewing the gray-scale printout of the visual 
field in the ten eyes losing visual fields showed 
that there was a clear increase in the size and 
density of preexisting scotomas, with the ap- 
pearance of new visual field defects in two eyes. 
There was also a diffuse loss of retinal sensitivi- 
ty throughout much of that portion that did not 
show localized loss in these ten eyes. This was 
confirmed by the regional analysis of trend 
analysis slopes. 

At the beginning of the study, the mean 
values of the measurements of the optic disk 
were smaller in the group losing visual fields 
than the group with stable and improving visu- 
al fields (Table 4). Significant differences were 
seen in cup depth (P = .009), cup slope (P = 


TABLE 2 
VISUAL FIELD MEASUREMENTS* 





STABLE AND 
IMPROVING LOSING 
VISUAL FIELDS VISUAL FIELDS 
(N = 30) (N = 10) 

Number of visual fields 11.0 + 5.3 13.8 + 6.2 

Mean threshold value (dB) 
of the initial visual field 
Total visual field 13.9 + 4.9 15.9 + 3.9 
Region 

Nasal 11.3 26.3 12.3 + 6.6 

Temporal 14.6 + 5.5 18.3 + 3.9 

Superonasal 9.9 + 7.4 14.2 + 8.5 

Inferonasal 18.0 + 7.1 16.5 + 6.6 

Superotemporal 10.8 + 7.2 16.4 + 5.4 

Inferotemporal 18.7 + 6.1 18.5 + 6.3 

Central 19.9 + 5.8 21.1 + 4.8 

Pupil size (mm) of £1.) 26 244 

False-positives (%) 4.8 + 6.5 4.4 + 4.1 

False-negatives (%) 10.1 + 8.7 9.12655 

Root mean square (dB) 3.0 + 0.8 3.0 + 0.6 





“Values given are mean + standard deviation. 
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TABLE 3 
RATE OF CHANGE OF VISUAL FIELD THRESHOLDS 
OVER TIME (TREND ANALYSIS SLOPES) OF THE TOTAL 
VISUAL FIELD AND THE REGIONS OF THE VISUAL 
FIELD* 





STABLE AND 
IMPROVING LOSING 
VISUAL FIELDS VISUAL FIELDS P 
(N = 30)(DB/MONTH) (N = 10)(DB/MONTH) VALUE 


Total visual field 0.000 + 0.042 -0.116 + 0.065 .0000 


Region 
Nasal 0.016 + 0.056 -0.149 + 0.179 .0002 
Temporal —0,012 + 0.057 -0.178 + 0.149 .0002 
Superonasal 0.021 + 0.081 -0.134 + 0.098 .0001 
Inferonasal 0.016 + 0.087 -0.097 + 0.082 .0001 


Superotemporal 0.003 + 0.071 -0.172 + 0.123 .0001 
Inferotemporal -—0.011 + 0.071 -—0.091 + 0.079 .0060 
Central —0.003 + 0.139 -0.121 + 0.115 .0059 





“Values given are mean + standard deviation. 


.002), and disk pallor (P = .039), whereas the 
difference in cup volume was of borderline 
significance (P = .080). The cup area at the 
retinal surface level and the retinal nerve fiber 
layer thickness were not significantly different 
between the two groups. 

When the treatment characteristics during 
the study of these two groups were analyzed, 
there was no significant difference found in the 
frequency of either medical or surgical treat- 
ment used or in the duration of use of beta- 
blockers, miotics, epinephrine compounds, and 
carbonic anhydrase inhibitors (Table 5). The 
number of eyes treated with argon laser trabec- 
uloplasty or trabeculectomy was not signifi- 
cantly different in the groups. 

For both groups, the trend analysis slopes of 
the total visual field and of each of the seven 
regions of the visual field were correlated with 
the intraocular pressure indices (Table 6). In the 
group losing visual fields, significant correla- 
tions (—0.70 to —0.77) were only observed 
between the trend analysis slopes of the super- 
onasal region of the visual field and the stan- 
dard deviation (P = .04) (Fig. 2), standard error 
of the mean (P = .02), and the range (P = .05) of 
intraocular pressures, and a borderline correla- 
tion for the peak pressure (P = .08) was ob- 
served in the same region. The correlation was 
such that the greater the intraocular pressure 
the more negative the trend analysis slope and, 
therefore, the greater the rate of visual field 
loss. By contrast, the group with stable and 
improving visual fields did not have any signifi- 


cant correlations between intraocular pressure 
and the rate of change of the visual field. There 
was, however, a borderline significant correla- 
tion with peak pressure (P = .07) in the super- 
onasal region of the visual field. 

We did not find any significant correlations 
between the trend analysis slopes and age, 
refraction, and systolic or diastolic blood pres- 
sure in either group. A significant correlation 
was seen between the trend analysis slope and 
the follow-up time in the group losing visual 
fields (r, = .78, P = .008) but not in the group 
with the stable and improving visual fields (r, = 
—.14, P = .48). The longer the follow-up peri- 
od, the slower was the rate of visual field loss. 


Discussion 


One of the main advantages of automated 
perimetry is the numeric calculation of the 
retinal light sensitivity. A variety of statistical 
analyses have been developed to help interpret 
the numeric data.""’**' As our understanding of 
the many variables involved in computerized 
perimetry improves, so too will the statistical 
analysis of the data, and, most of all, the clinical 
implications of such analysis. Retinal sensitivi- 
ty declines with age.” All visual fields, either 
normal or glaucomatous, will deteriorate over 
time, and the longer the follow-up period the 
greater is the loss. 

We identified three groups of patients sepa- 
rated by the statistical significance of the trend 
analysis of the regression slope of visual field 
thresholds over time. The mean of the trend 
analysis slopes of the group (28 eyes) with 
stable visual fields was —0.006 + 0.036 dB/ 
month, the mean of the group (ten eyes) losing 
visual fields was —0.116 + 0.065 dB/month, 
and the mean of the two eyes with visual field 
improvement was 0.085 + 0.035 dB/month. 
The mean trend analysis slope of the stable 
visual field group compares favorably with the 
reported normal rate of visual field decay with 
age, —0.58 dB/decade or —0.005 dB/month.” 
Two long-term studies,*” one of ten years and 
the other of 7.6 years, found that 46 of 63 eyes 
(73%) and 34 of 45 eyes (76%), respectively, of 
treated patients with chronic open-angle glau- 
coma had progressive visual field loss during 
the follow-up period. Ten of the 40 eyes in our 
study (25%) had a significant rate of visual field 
loss, which is similar to results reported by 
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TABLE 4 
OPTIC DISK AND RETINAL NERVE FIBER LAYER MEASUREMENTS AT THE TIME OF THE INITIAL VISUAL FIELD* 





S... 


Optic disk 
Pallor area (mm°)/disk area (mm?) 
Cup volume (mm‘°)/disk area (mm?) 
Cup area (mm?)/disk area (mm?) 
Cup depth (mm)/disk area (mm?) 
Cup slope (degrees) 


Retinal nerve fiber layer thickness (mm)/vertical disk radius (mm) 


STABLE AND IMPROVING LOSING 
VISUAL FIELDS VISUAL FIELDS 
(N = 30) (N = 10) P VALUE 

0.49 + 0.11 0.40 + 0.11 039 
0.29 + 0.08 0.23 + 0.09 080 
0.57 + 0.10 0.53 + 0.09 24 
0.21 + 0.05 0.16 + 0.04 009 
50.9 + 8.70 40.0 + 9.40 002 
0.25 + 0.05 0.24 + 0.03 35 





*Values given are mean + standard deviation. 


Leydhecker and Gramer,' who found that 27 of 
126 patients (21%) with open-angle glaucoma 
had significant progression of visual field loss. 

We were unable to identify any systemic fea- 
tures that characterized the eyes with progres- 
sive loss of visual field. Seven (23%) of the 30 
patients with stable and improving visual fields 
and none of the ten patients losing visual fields 
were taking medication for systemic hyperten- 
sion. Although not statistically significant, this 
difference suggests a possible beneficial effect 
of antihypertensive medications on the rate of 
loss of visual field. Alternatively, the increased 
systemic blood pressure with systemic hyper- 
tension might improve the perfusion pressure 
at the optic nerve head and help protect the 
visual field. The mean diastolic blood pressure 
in the group losing visual fields was lower, but 


TABLE 5 
CHARACTERISTICS OF TREATMENT DURING STUDY* 





STABLE AND IMPROV- LOSING 
ING VISUAL FIELDS VISUAL FIELDS 
(N = 30) (N = 10) 
NO. DURATION NO. DURATION 
OF EYES (MOS) OF EYES (MOS) 
Beta-blockers 29 36 + 15 10 42 + 19 
Miotics 27 34 +17 9 40 + 20 
Epinephrine 
compounds 25 29 + 19 10 29 + 25 
Carbonic anhydrase 
inhibitors 18 29 + 18 6 16 + 20 
Argon laser 
trabeculoplasty 12 — 4 — 
Trabeculectomy 2 — 0 — 





*Values given are mean + standard deviation. 


not significantly lower (P = .12), than the group 
with stable and improving visual fields. A low 
diastolic blood pressure has been identified as a 
risk factor for progression of visual field loss in 
chronic open-angle glaucoma.” 

The ocular features did not help to differenti- 
ate the two groups (Table 1). No difference was 
found between the groups in the different mea- 
sures of intraocular pressure. The groups, how- 
ever, were separated by the amount of optic 
disk damage at the beginning of the study 
(Table 4), by the relationship between the rate 
of visual field loss and intraocular pressure 
(Table 6), and, to a lesser extent, by the mean 
threshold value at the initial visual field test 
(Table 2). Although the groups that did and did 
not show a significant rate of visual field loss 
differed significantly in the amount of optic 
disk damage at the beginning of the study, 


TABLE 6 
SPEARMAN CORRELATIONS (r,) BETWEEN THE TREND 
ANALYSIS SLOPES OF THE SUPERONASAL REGION 
AND INTRAOCULAR PRESSURE 





STABLE AND 
IMPROVING LOSING 
VISUAL FIELDS VISUAL FIELDS 
INDEX OF (N = 30) (N = 10) 
INTRAOCULAR 
PRESSURE (MM HG) Is P VALUE Is P VALUE 
Mean = 24 .20 —.04 .91 
Median —.04 .83 — .04 91 
Standard deviation —.17 37 —.71 04 
Standard error 
of the mean = 23 .22 — 47 .02 
Range = 2 .24 O .05 
Peak —.33 .07 — 65 .08 
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there was little difference seen in the measure- 
ments of retinal nerve fiber layer thickness. 
This suggests that the retinal nerve fiber layer 
had already become mostly atrophic at the 
stage of visual field loss. Therefore, the nerve 
fiber layer thickness may not be a definitive 
measure of the stage of the disease once visual 
field loss has already occurred. 

A high mean intraocular pressure has been 
identified as a risk factor for progression of 
visual field defects in treated patients with 
chronic open-angle glaucoma.”” Kidd and 
O'Connor’ reported that nine of 50 patients 
(18%) with chronic open-angle glaucoma 
showed progressive visual field loss with a 
mean intraocular pressure of 15 mm Hg, where- 
as Hart and Becker‘ found that 46 of 63 eyes 
(73%) had further visual field loss with a mean 
intraocular pressure of 20.4 mm Hg. The 
findings in our study group fall somewhere in 
between these two reports, in that ten of 40 
eyes (25%) had a significant rate of visual field 
loss when the mean intraocular pressure was 
16.7 mm Hg. The group of patients losing 
visual fields, however, did not have a signifi- 
cantly different mean intraocular pressure than 





Fig. 2 (O’Brien and associates). Trend 
analysis slopes of the superonasal region of 
the visual field plotted against the standard 
deviation of intraocular pressure. The group 
losing visual fields shows a statistically sig- 
nificant correlation (P = .04). 


6.0 


the group with stable and improving visual 
fields (Table 1). 

Niesel and Flammer” demonstrated a signifi- 
cant correlation between the standard devia- 
tion of intraocular pressure (calculated on a 
yearly basis) and progression of visual field loss 
(measured by planimetry) in patients with ocu- 
lar hypertension and chronic open-angle glau- 
coma. Our study showed a significant correla- 
tion between some intraocular pressure indices 
(standard error of the mean, standard devia- 
tion, and range) and the rate of visual field loss 
but only in the group of patients showing a 
significant rate of visual field loss (Table 6). The 
relationship was only seen in the superonasal 
region and suggests that the greater the varia- 
tion in intraocular pressure the greater the rate 
of visual field loss. 

The superonasal region was the only part of 
the visual field to show a significant relation- 
ship with variation of intraocular pressure in 
the group of eyes losing visual fields. The nasal 
and superonasal regions showed the most visu- 
al field loss in this group based on the mean 
threshold values at the beginning of the study 
(Table 2). Three previous reports have de- 
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scribed a significant association between intra- 
ocular pressure and the loss of nasal field in 
chronic open-angle glaucoma. Drance, Bryett, 
and Schulzer*’ observed a significant negative 
regression coefficient between the change in 
intraocular pressure and the change in visual 
field thresholds in the inferonasal (central and 
peripheral) and the superonasal (central) parts 
of the visual field after surgical reduction of 
intraocular pressure. Starrita, Fellman, and 
Lynn” also noted a significant negative correla- 
tion between the change in intraocular pressure 
and the change in visual field thresholds in the 
upper and lower nasal field quadrants in eyes 
with moderate disease (defined as 60% to 80% 
optic disk cupping) after argon laser trabeculo- 
plasty. Crick and associates” noted in eyes with 
chronic open-angle glaucoma that the greatest 
decrease over time was in the superonasal re- 
gion of the central visual field. 

Other investigators have found no relation- 
ship between mean intraocular pressure and 
rate of visual field loss in the whole visual field 
as determined by linear regression analysis and 
automated perimetry. Holmin and Krakau” and 
Krakau” observed no significant association be- 
tween mean intraocular pressure less than 22 
mm Hg and greater than 21 mm Hg and the 
regression of visual field thresholds over time 
in 90 patients with chronic glaucoma followed 
up for approximately three years with five to 11 
central visual fields. 

We have observed that the longer the follow- 
up period, the slower the rate of visual field loss 
in the group losing visual field. The most likely 
explanation for this finding is that the longer 
follow-up time allowed for further intervention 
in treatment and better control of intraocular 
pressure and, therefore, a slowing of the rate of 
visual field loss. 

The prevailing concept about the rate of pro- 
gression of visual field loss in eyes with chronic 
open-angle glaucoma is that the more advanced 
the loss of visual field the worse the progno- 
sis'*!* and the greater the rate of further visual 
field loss.*'* This is especially true if the intra- 
ocular pressure is not controlled adequately.” 
There are observations, however, indicating 
that, even in advanced cases, reducing the in- 
traocular pressure to low normal levels is asso- 
ciated with preservation of the visual field.” 

Our study showed that the group with the 
greater rate of visual field loss had less optic 
nerve damage (significantly less for pallor, cup 
depth, and slope) and higher initial mean 
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threshold values (significantly higher for the 
temporal region) than the stable visual field 
group. This would indicate that a greater rate of 
change occurs early in the disease and thus 
contradicts the traditional viewpoint. Support 
for this finding is seen in other studies. Holmin 
and Storr-Paulsen” noted that the greatest rate 
of visual field loss occurred in eyes with small- 
or moderate-size scotomas when linear regres- 
sion analysis was applied to data obtained with 
automated perimetry. Also, Schultz and associ- 
ates” reported that it was the patients with mild 
rather than advanced visual field loss who later 
showed significant progression of visual field 
loss, again when using automated perimetry. 
Hart and Becker’ described the typical course of 
progression of visual field loss in eyes with 
chronic open-angle glaucoma. They stated that 
once a visual field defect appeared, it would 
“increase sharply in size and density, following 
which many years would pass without further 
progression.” Furthermore, Mikelberg and as- 
sociates’ noted that those eyes that showed a 
curvilinear type of progression had a smaller 
scotoma mass than those eyes with a linear type 
of progression. This suggests that the eyes with 
the smaller scotoma mass and the curvilinear 
progression were in an earlier stage of disease 
and were losing visual field at a faster rate than 
those with the linear type of progression. They 
found that the mean rates of progression were 
not significantly different in the linear and 
curvilinear groups. 

If, in chronic open-angle glaucoma, the rate 
of visual field loss is sensitive to intraocular 
pressure at an early stage of the disease, then 
treatment should be aimed at decreasing the 
intraocular pressure further at an earlier stage 
of the disease. A primary goal of treatment in 
glaucoma is to slow the rate of visual field loss, 
and, therefore, the identification of those pa- 
tients losing visual field at a significant rate is 
important. The use of statistical analysis to 
quantify changes in the threshold values over 
time provides this type of information. 
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OPHTHALMIC MINIATURE 

Nor were they bothered by the fast firing of my strobe, which was 
activated for less duration than a bolt of lightning. One night, however, the 
celluloid fell off my focusing light, and the beavers were bathed in its white 
beam. To my surprise, they did not seem at all disturbed by this. 

I speculated that the animals had probably become habituated to the 
headlights of passing automobiles and, from then on, I left my focusing 
light uncovered. As a result, I discovered something else: when caught in a 
beam of light, a beaver’s eyes do not look like two burning coals. This was 
significant information, and there could be only one explanation for it: the 
beaver’s retinae do not contain the light-gathering crystal called tapetum 


lucidum. 


Hope Ryden, Lily Pond. Four Years with a Family of Beavers 
New York, William Morrow and Company, pp. 44 and 45 


Identification, Prevention, and Treatment of Silicone Oil 


Pupillary Block After an Inferior Iridectomy 


Elisha Bartov, M.D., Ruth Huna, M.D., Isaac Ashkenazi, M.D., 
Shlomo Melamed, M.D., Isaac Gutman, M.D., Nava Naveh, M.D., 
and Giora Treister, M.D. 


We treated two patients in whom silicone 
oil pupillary block developed despite a patent 
inferior iridectomy. The clinical characteris- 
tics of this complication were a deep anterior 
chamber, specular reflexes from the iris sur- 
face, identification by biomicroscopy of aque- 
ous trapped inferiorly in the vitreous cavity, 
and no convection currents in the anterior 
chamber. This complication may be prevented 
by early face-down positioning of the patient 
after the operation, and the avoidance of large, 
centrally located, inferior iridectomies. We 
recommend that the iridectomy be placed pe- 
ripherally no larger than 2 mm and propose a 
new technique for breaking the silicone oil 
block, which was clearly successful in one of 
the patients. 


Opurnaimic use of silicone oil in complicated 
retinal detachment surgery is common.'” Sili- 
cone oil—corneal endothelial touch was a com- 
mon complication of this operation.** The in- 
troduction by Ando? and Beekhuis and 
associates’ of the inferior iridectomy has greatly 
reduced the rate of this complication. There are 
instances, however, when silicone oil pupillary 
block develops despite an inferior iridectomy. 
We treated two patients with this complication. 
These patients share several important charac- 
teristics whose identification is essential for 
diagnosing this complication correctly. We pro- 
pose a treatment technique that successfully 
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abolished the silicone block in one patient and 
possibly in the other. 


Case Reports 


Case 1 

A 60-year-old man underwent a vitrectomy, 
membranectomy, intraocular cryopexy, sili- 
cone oil injection, removal of a posterior cham- 
ber intraocular lens, and an inferior peripheral 
iridectomy in the left eye for total tractional 
retinal detachment of three months’ duration. 
Pseudophakic rhegmatogenous retinal detach- 
ment had been successfully treated with a 
buckling operation 20 months previously. The 
day after the last operation, intraocular pres- 
sure was 50 mm Hg, and the anterior chamber 
was deep and completely filled with silicone. 
The retina was attached. The patient was taking 
timolol 0.5% twice daily, 250 mg of acetazol- 
amide four times daily, and intravenous manni- 
tol. Indirect biomicroscopy with a +90-diopter 
lens showed aqueous trapped inferiorly below 
the silicone bubble in the vitreous cavity. Prone 
positioning of the patient for three days did not 
result in silicone oil retraction from the anterior 
chamber. 

On the third postoperative day, a maneuver 
to cause migration of the trapped aqueous from 
the vitreous cavity to the anterior chamber was 
performed. This was done by pressing the tip of 
a glass tube on the cornea with the patient in a 
prone position and suddenly releasing the pres- 
sure. After this procedure, the anterior chamber 
filled with aqueous, and the silicone bubble 
retracted to the vitreous cavity with the ante- 
rior surface at the level of the pupil. Intraocular 
pressure decreased to 30 mm Hg witha regimen 
of timolol only. During the next 11 months, 
intraocular pressure remained 18 to 24 mm Hg 
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with timolol treatment, and the retina re- 
mained attached. 


Case 2 

A 57-year-old man had noninsulin-de- 
pendent diabetes mellitus of 19 years’ duration, 
bilateral proliferative diabetic retinopathy, and 
rubeosis iridis in the right eye. The patient was 
also pseudophakic in the right eye after extra- 
capsular cataract extraction and a posterior 
chamber intraocular lens implantation. Be- 
cause of tractional retinal detachment, he un- 
derwent removal of the intraocular lens and 
posterior capsule, vitrectomy, membranecto- 
my, silicone oil injection, and an inferior pe- 
ripheral iridectomy in the right eye. 

On the third postoperative day, intraocular 
pressure increased to 32 mm Hg, and the ante- 
rior chamber was deep and completely filled 
with silicone oil. The inferior iridectomy was 
patent but partially covered with a fibrin mem- 
brane. The patient was given timolol 0.5% 
twice daily and 250 mg of acetazolamide daily 
and remained prone at all times. On the fifth 
postoperative day, an attempt to press the cor- 
nea with a glass tube did not result in an 
immediate break in the silicone pupillary block. 
The patient remained prone, amd the next 
morning the silicone face was seen posterior to 
the pupil, and intraocular pressure was 26 mm 
Hg. During the next ten months of follow-up, 
intraocular pressure remained at 20 mm Hg 
with timolol 0.5% twice daily and 250 mg of 
acetazolamide four times daily. The block did 
not recur. 


Discussion 


At the conclusion of silicone oil injection in 
aphakic eyes with the patient in a supine posi- 
tion, the silicone oil bubble frequently floats up 
and fills the anterior chamber. Concurrently, 
aqueous in the anterior chamber is filtered out 
of the angle or gravitates inferiorly through the 
inferior iridectomy. A large, centrally located, 
inferior peripheral iridectomy may allow con- 
tact between the surface silicone oil bubble in 
the anterior chamber and the oil bubble in the 
vitreous cavity. After such contact, the surfaces 
of the silicone bubbles may unite and create a 
continuation of silicone oil through the inferior 
iridectomy, in addition to the one through the 
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Fig. 1 (Bartov and associates). Continuity of sili- 
cone oil through the pupil and through the inferior 
iridectomy. 


pupil (Fig. 1). At these relatively narrow open- 
ings, the high surface tension of the silicone oil 
prevents the passage of aqueous from the pos- 
terior to the anterior chamber. Any aqueous 
that is produced remains trapped posteriorly 
and inferiorly in the vitreous cavity. The ten- 
sion of the silicone oil in the margins of the 
openings serves as an obstruction, which does 
not permit the aqueous to percolate forward. 
This condition is stable and does not change 
even when the patient is placed face down. 

Slit-lamp identification of the complete fill- 
ing of the anterior chamber with silicone oil 
and its continuity with the silicone oil in the 
vitreous cavity, both through the pupil and the 
inferior iridectomy, may not be easy. Careful 
examination may be necessary. An extremely 
deep anterior chamber, resulting from the ten- 
dency of the silicone oil in the anterior chamber 
to become spherical and thus push the iris 
backward, may be noted. This contrasts with a 
more shallow anterior chamber when the sili- 
cone oil anterior surface is where it should 
optimally be at the pupillary plane. 

By illuminating the anterior iris surface from 
specific directions, a distinct specular reflex 
may be seen. This results from tight approxima- 
tion of the silicone oil in the anterior chamber 
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with the anterior iris surface. If the posterior 
surface of the anterior chamber silicone oil is 
not tight against the surface of the iris, this 
specular reflection cannot be obtained. This is 
similar to the light reflex from the retinal sur- 
face when silicone oil completely fills the vitre- 
ous cavity and is positioned tightly against the 
retina. 

Aqueous trapped inferiorly in the vitreous 
cavity can usually be identified by indirect 
ophthalmoscopy or biomicroscopy. In such a 
case, the inferior surface of the silicone oil 
bubble in the vitreous cavity is seen separated 
from the retina; that is, there is aqueous 
trapped underneath the silicone oil bubble. 

By using narrow slit-beam illumination, im- 
purities in the silicone oil can be observed in 
the anterior chamber, which remain stationary 
and do not follow convection currents as cells 
in anterior chamber aqueous usually do. 

As demonstrated in Cases 1 and 2, treatment 
of this condition is sometimes possible by 
breaking the connection between the silicone 
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Fig. 2 (Bartov and associates). Maneuver proposed 
for breaking the silicone oil pupillary block. 


oil in the anterior chamber and the vitreous 
cavity through the inferior iridectomy. This is 
done by placing the patient in a face-down 
position, pushing slowly upward on the central 
cornea, and quickly releasing the pressure (Fig. 
2). We believe the pressure on the cornea and 
the sudden release cause a break in the continu- 
ity of the silicone at the iridectomy level. This 
may be similar to shaking an ampule for injec- 
tion to cause superiorly trapped fluid to come 
down. If this maneuver is successful, aqueous is 
seen to fill the anterior chamber, the silicone oil 
surface moves back and loses its approximation 
to the corneal endothelium, and there is aque- 
ous continuity between the anterior and poster- 
ior chambers through the inferior iridectomy. 
As demonstrated in Case 2, the resolution of 
the pupillary block after the maneuver may not 
be immediate but may take several hours. If this 
maneuver does not result in cessation of the 
silicone oil pupillary block within approximate- 
ly one day, however, we recommend that excess 
silicone oil be removed. It is not clear why in 
one patient resolution of the block after the 
maneuver was immediate, whereas in the other 
patient it was delayed. This can possibly be 
explained by early tissue swelling, which dis- 
placed the silicone anteriorly and allowed little 
place for intraocular collection of aqueous. Lat- 
er, when the tissue swelling subsided, the in- 
creased amount of intraocular aqueous with the 
patient prone may have allowed the silicone oil 
block to break. 

Preventive measures may significantly reduce 
the occurrence of this complication. When per- 
forming an inferior iridectomy during vitrec- 
tomy and silicone oil injection surgery or post- 
operatively by laser, the surgeon should 
attempt to make the iridectomy as peripheral as 
possible. Excessively large iridectomies (larger 
than 2 mm in diameter) should be avoided, 
since in such a case the curved surface of 
silicone oil on the two sides of the iris can come 
into contact and then unify, which causes a 
silicone oil block of the inferior iridectomy. If a 
large, centrally located iridectomy was created 
inadvertently, however, we suggest that anoth- 
er smaller and more peripheral additional iri- 
dectomy be performed. The smaller and more 
peripheral additional iridectomy will maintain 
a route for aqueous to enter the anterior cham- 
ber and, thus, prevent the stabilization of the 
silicone oil pupillary block. Additionally, the 
patient should be instructed to lie face down as 
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soon as possible after the operation, since this 
complication can only develop while the pa- 
tient is in a supine position. Early face-down 
position may prevent and even reverse the de- 
velopment of the complication. 
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OPHTHALMIC MINIATURE 
But Dan McBride, when Randy went to meet him in Berkeley, turned out 





to be totally blind 


a twenty-seven-year-old kid who had somehow actual- 


ly gone through Harvard Law School without any vision, in these times 
when disabled people were supposed to get an even break. His two eyes, 
wide and pure with the clarity of never having seen anything, seemed to be 
focused on that abstract point in the distance where parallel lines theoreti- 


cally meet. 


Louis B. Jones, Ordinary Money 
New York, Viking, 1990, p. 192 





The Effects of Nd:YAG Laser Iridotomy on the Corneal 
Endothelium 





William C. Panek, M.D., David A. Lee, M.D., and Robert E. Christensen, M.D. 


We studied 18 eyes of 18 patients undergo- 
ing Nd:YAG laser peripheral iridotomy for 
occludable anterior chamber angles. A Q- 
switched laser was used for all treatments. 
Preoperative and postoperative pachymetry 
and corneal endothelial cell counts were 
obtained centrally, in the nontreated su- 
peronasal quadrant, and in the treated su- 
perotemporal quadrant. No significant dif- 
ferences were found between preoperative 
and postoperative corneal thickness at any 
site. A small decrease in endothelial cell 
count (95 cells/mm” at the treated site was 
statistically significant (P = .04). 


Pursev Nv:YAG LASER IRIDOTOMY is a common- 
ly used, effective treatment for angle-closure 
glaucoma. Studies indicate that this procedure, 
which uses photodisruption rather than heat 
absorption to create a patent iridotomy, is safe 
and without significant long-term complica- 
tions. 

As with the argon laser, animal and human 
studies have shown that corneal changes can 
occur after Nd:YAG iridotomy. These changes 
include focal corneal opacities,!“ linear cracks 
in Descemet’s membrane,’ focal denuding of 
the corneal endothelium,'® and cellular pleo- 
morphism.’ The clinical importance of such 
corneal damage secondary to the Nd:YAG laser 
is unclear. No studies have demonstrated resul- 
tant permanent corneal edema. 

We used specular microscopy and pachyme- 
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try to measure endothelial cell density and 
corneal thickness in treated and untreated 
quadrants of the cornea, before and after 
Nd:YAG laser iridotomy. 





Patients and Methods 





Eighteen patients (23 eyes) were enrolled in 
this study. All eyes had clinically determined 
narrow, occludable anterior chamber angles by 
gonioscopy. Each eye either had chronic angle- 
closure glaucoma or was the fellow eye of an 
eye that had a previous angle-closure glaucoma 
attack. Eyes with preexisting corneal disease or 
with a history of angle-closure attack were 
excluded from the study. A complete ocular 
examination was performed on each patient, 
including slit-lamp biomicroscopy, tonometry, 
gonioscopy, ophthalmoscopy, and visual field 
examination. 

All eyes underwent Nd:YAG laser iridotomy 
in the superotemporal quadrant of the periph- 
eral iris. All procedures were performed at our 
institution. Before the laser treatment, a drop of 
proparacaine hydrochloride 0.5% was instilled, 
and an Abraham YAG goniolens with methyl- 
cellulose was placed on the corneal surface. The 
iridotomies were all performed using a Q- 
switched laser. The number of shots varied 
from one to 92 with a mean of 19 (standard 
deviation, 23). The number of pulses per burst 
varied from one to three. Power setting for the 
iridotomies varied from 3.1 to 6.8 mJ. There 
were no significant complications during the 
laser procedure in any case. 

Before laser iridotomy, corneal endothelial 
cell counts and pachymetry were obtained cen- 
trally, in the treated superotemporal quadrant, 
and in the untreated superonasal quadrant. A 
specular microscope was used in conjunction 
with a video recording system. After careful 
focusing, the cells were recorded and counted 
from the video screen. Pachymetry was per- 
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formed with the same machine. The measure- 
ments were repeated in the same locations 
within one to eight weeks after the iridotomy. 

Comparisons of corneal status were made 
before and after laser treatment in all measured 
locations. To eliminate bias, if both eyes under- 
went iridotomy, one was randomly selected for 
inclusion in the statistical analysis, which left a 
total of 18 eyes for study. Student’s paired 
t-test and the paired Wilcoxon test were used. A 
level of P < .05 was considered statistically 
significant. 


Results 





The normal endothelial cell count according 
to the criteria of our laboratory is 2,000 to 4,000 
cells/mm’. All eyes in this study had cell counts 
that were within what we considered to be a 
normal range. No significant differences were 
found between preoperative and postoperative 
corneal thickness at any location (Table). A 
small decrease in corneal endothelial cell count 
postoperatively at the treated site (95 cells/ 
mm?) was statistically significant (P = .04). No 
significant postoperative difference in cell 
count was found at either of the two nontreated 
sites. 

The 95% confidence interval for the mean 
change score (preoperative minus postopera- 


TABLE 
PREOPERATIVE AND POSTOPERATIVE PACHYMETRY 
AND ENDOTHELIAL CELL DENSITY OF 18 EYES 





CORNEAL THICKNESS CELL DENSITY 
(MM) (MM?) 
MEAN + S.D. MEAN + S.D. 
Untreated central site 
Preoperative 0.54 + 0.04 2478 + 282 
Postoperative 0.54 + 0.04 2472 + 272 
Difference 0.00 + 0.03 —6 + 180 
Treated superotemporal site 
Preoperative 0.56 + 0.04 2517 + 376 
Postoperative 0.57 + 0.04 2422 + 292 
Difference 0.01 + 0.02 —95 + 183 
Untreated superonasal site 
Preoperative 0.56 + 0.04 2467 + 351 
Postoperative 0.56 + 0.04 2378 + 330 
Difference 0.00 + 0.02 —89 + 237 


tive) of the cell count in the treated super- 
otemporal quadrant was —185 to —3 cells/mm* 
given the sample size of 18 eyes." 


Discussion 


The Nd:YAG laser has been used safely and 
effectively to create a peripheral iridotomy in 
the treatment of angle-closure glaucoma. Be- 
cause the Nd:YAG laser functions independent- 
ly of the level of tissue pigmentation, it has 
been found to be particularly helpful in treating 
lightly pigmented irides that would be difficult 
to penetrate with the argon laser. 

Clinical studies indicate that the minimal 
complication rates seen with the Nd:YAG laser 
compare favorably with those resulting from 
the argon laser. Complications include a meas- 
urable breakdown of the blood-aqueous barrier 
in the anterior segment, transient acute in- 
crease of intraocular pressure, bleeding from 
the iridotomy site, self-limited injury to the 
anterior lens capsule and nonprogressive cor- 
neal changes.’ With excessive energy levels, 
capsular and zonular complications have been 
reported.’ 

Corneal epithelial burns are seen rarely in 
Nd:YAG laser iridotomy when compared to ar- 
gon laser iridotomy. This is caused in part by a 
reduction in energy absorption in the corneal 
tissues with the Nd:YAG laser. The total energy 
requirement for Nd:YAG laser iridotomy is sig- 
nificantly less than that required for argon laser 
(8 to 200 mJ compared with 5,000 to 50,000 
m]J).’ 

Damage to the cornea in Nd:YAG iridotomy 
may occur as a result of plasma formation 
propagating toward the laser delivery source 
and subsequently toward the corneal endotheli- 
um.* Local denuding of the corneal endotheli- 
um can occur when the laser is focused too 
close to the endothelial surface.* Nonprogres- 
sive cracks at the level of Descemet’s membrane 
have been described directly overlying the iri- 
dotomy site, which probably also represent 
concussive changes secondary to plasma forma- 
tion.’ The clinical significance of these corneal 
changes seen after Nd:YAG laser iridotomy is 
unclear. Animal? and human’*”? studies have 
produced conflicting evidence regarding the 
short-term changes. No studies have shown 
a significant long-term, clinically significant 
problem. 

Dragon and associates” used scanning elec- 
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tron microscopy to study the corneal endotheli- 
um overlying Nd:YAG laser iridotomy sites in 
four cynomolgus monkeys. They found no sig- 
nificant endothelial cell loss or pleomorphism 
when compared to adjacent untreated areas. 
Kerr Muir and Sherrard,’ however, did find 
irreversible changes in the corneal endothelium 
of fresh rabbit eyes after Nd:YAG laser iridoto- 
my using scanning electron microscopy. They 
believed that the corneal changes were related 
to the quantity of power delivered, the delivery 
mode, the number of laser bursts, and the target 
tissue—to-endothelium distance. 

Human clinical studies have shown that mild 
nonprogressive corneal changes occur fre- 
quently. Schwartz and associates” found corne- 
al changes in seven of 182 (4%) treated eyes. 
Robin and Pollack* found focal, discrete, non- 
progressive endothelial changes above the iri- 
dotomy site in six of 33 (18%) treated eyes. In 
an earlier study, they? had shown a 35% inci- 
dence of focal, nonprogressive corneal opaci- 
ties overlying the Nd:YAG iridotomy site of 20 
eyes compared with a 25% incidence of similar 
opacities overlying the argon iridotomy site of 
20 fellow eyes. A significant drop in central 
endothelial cell count was found in eyes after 
argon laser iridotomy (8%) compared to 
Nd:YAG laser (0%) in the same study. The mean 
preoperative endothelial counts were 2,898 + 
498 and 2,877 + 475 in the argon- and Nd:YAG- 
treated eyes, respectively. The mean postopera- 
tive counts were 2,585 + 476 and 2,711 + 445, 
respectively. 

Previously we reported that no significant 
corneal endothelial cell loss or increased corne- 
al thickness occurred in the treated super- 
otemporal, untreated central, and untreated 
superonasal quadrants after argon laser iridoto- 
my.” In the present study, we showed a small 
decrease in corneal endothelial cell count in the 
treated quadrant after Nd:YAG laser iridotomy 
(P = .04). Although possibly of minimal clinical 


significance, these findings suggest that de- 
finable short-term damage does occur to the 
corneal endothelium overlying the Nd:YAG iri- 
dotomy site. Attention should be given to the 
long-term status of the corneal endothelium 
after Nd:YAG laser iridotomy. 
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EDITORIALS 





A Plea for Low Tech 


Steven G. Kramer 


While attending a recent corneal surgery 
symposium in honor of the late Max Fine, M.D., 
I found myself wondering what the master of 
the quintessential ocular operation would think 
of a corneal trephine that occupies the better 
part of a room and costs more than $400,000. 
Max Fine’s genius was his emphasis on meticu- 
lous, direct, and simple surgical techniques. He 
was proud, I think, of being able to do a compli- 
cated operation with few instruments designed 
for their simplicity. Consider, for example, the 
classic lines of the Max Fine forceps. 

At the corneal symposium, we heard of ex- 
cimer lasers for corneal trephination, for the 
correction of astigmatism, and for total corneal 
remodeling. Computerized topographic analy- 
sis systems were being coupled with other laser 
technologies to change the curvature of the 
cornea. Speakers envisioned an operation in 
which the surgeon would press one button ona 
console to analyze corneal topography and 
press a second button to reshape the cornea. I 
did not learn if the surgeon wore gown and 
gloves for the process. I did have the impression 


that the surgery would cost many thousands of 
dollars per eye. 

Notwithstanding the teaching of my mentors 
from more conservative times, I would not wish 
to be thought of as a therapeutic nihilist. Per- 
haps eliminating a lifelong dependency on 
spectacles or the slight but significant hazard of 
contact lenses is a worthwhile goal at any cost, 
and if such procedures were to become safe and 
commonplace, the cost of the instrumentation 
might even be reduced. What ophthalmologists 
have to consider, I suppose, is whether they 
wish their future patients to get their ophthal- 
mic therapy from vending machines or in sun- 
tan parlors. It may not be too soon to begin 
mourning the death of ophthalmic surgery’s 
art. 

I also find myself pondering the coming 
changes in medical economics. Those of us in 
California can assure the rest of the nation that 
fee-for-service ophthalmic surgery as we have 
known it has passed on. We have already been 
caught in our own bind. Nationwide publicity 
convinced the general public and our governing 
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bodies that a cataract operation was a simple 
procedure that could be done in ten minutes. 
Why should we be surprised that there is resist- 
ance to paying a $2,000 or $3,000 fee for ten 
minutes of work? If our new technologic efforts 
are successful, one can surmise that a hefty 
reimbursement will be provided to pay the 
technical fee covering the cost of equipment 
while surgeons will be given a few dollars for 
knowing which buttons to push. 

As we ophthalmologists become more like 
technicians aided by machines from the dizzy- 
ingly high-tech environment of Silicon Valley, | 
think we also become increasingly dehuman- 
ized. Are we to be physicians or mechanics? Do 
we train our residents in the human side of 
medicine, or do they learn by our example that 
our traditional fascination with gadgetry has 
become total involvement with integrated cir- 
cuitry and spiraling costs? Is it at all possible 
that our increasingly high-tech future will still 
allow us to train skillful young physicians who 
think and who care? 

In the symposium, there also seemed to be 
renewed interest in lamellar keratoplasty for 
various purposes, both tectonic and optical. 
Part of this interest, I found myself thinking, 
has occurred because an elaborate microkera- 
tome (costing approximately $15,000) was in- 
vented to cut a precise slice of cornea that could 
then be frozen and lathed for refractive proce- 
dures. As this technology has begun to die of its 
own weight, the microkeratome still survives 
because it can be used to cut a thin lamellar 
graft. What I found preposterous was the no- 
tion that the sharp mechanical blade was actu- 
ally making its cut between corneal lamellae. 
Conversely, at the same symposium we saw a 
classic film of Max Fine preparing a lamellar 


button by interlamellar dissection with a Gill 
knife, which he modified secretly for that pur- 
pose. Even without the modification, for years I 
have created lamellar buttons by blunt interla- 
mellar dissection, which creates a corneal pock- 
et and allows preparation of an excellent lamel- 
lar graft. I think the instrument I use costs 
approximately $50. 

As a corneal transplant surgeon considering 
the progress in my own field, my closing 
thoughts bring me back again to the corneal 
trephine. Will it ever be justified to use an 
excimer laser to create a 7.5-mm circular cut in 
the cornea? Perhaps not. But corneal surgeons 
today are not worth their salt if they do not use 
a modern suction trephine, which creates a 
precisely matched cut on both the donor and 
the recipient. In the excimer context, such a 
device sounds cheap at $13,000 plus $100 fora 
set of corneal blades used on each patient. 

What is not at all clear is whether the $13,000 
investment makes a shred of difference. In the 
end, do not the multiple variables, including 
the depth and position of each suture bite, the 
recipient and donor preexisting corneal curva- 
tures, and, most importantly, the variable bio- 
logic response of the patient, defeat our efforts 
to be absolutely precise about the angle of the 
trephine cut? Is there not an irreducible degree 
of unpredictability that cannot be significantly 
altered by the subtle difference between a 
skilled surgeon’s use of one trephine or anoth- 
er? A certain amount of emphasis on low tech 
might not be a bad idea. 


Reprint requests to Steven G. Kramer, M.D., Depart- 
ment of Ophthalmology, K301, University of California, 
San Francisco, CA 94143-0730. 
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Senile Accommodative Degeneration (SAD) 


Arthur Jampolsky 


The use of the pejorative and demeaning term 
of senile macular degeneration (SMD) still lin- 
gers on. Patients in their 50s and 60s with early 
age-related maculopathy (ARM) will welcome 
the analogous construct I suggest for the re- 
naming of presbyopia, as senile accommodative 
degeneration (SAD); that is, renaming it for a 
sufficient period of time until ophthalmic prac- 
titioners and researchers develop a consistent 
awareness that senile macular degeneration has 
outlived its practical usefulness as a term, and 
that informed and sensitive professionals have 
agreed to use the scientifically more accurate 
and less demeaning term of age-related macu- 
lopathy, or simply, maculopathy. 

SMD, senile macular degeneration; “senile” 
indeed, often occurs at 50 or 60 years of age in 
otherwise physically and mentally healthy indi- 
viduals! “Age-related” does sound better than 
“senile.” “Degeneration” indeed; only so 
much as the accommodative amplitude has also 
degenerated in otherwise physically and men- 
tally healthy individuals in their 40s. ‘’Maculo- 
pathy” does sound better than “‘degeneration.” 

For the sake of consistently inappropriate 
matching terminology, let us call presbyopia 
SAD, senile accommodative degeneration. It is 
SAD. SMD and SAD, why not? 

A cataract is a cataract, at any age, from 
whatever cause. Glaucoma is glaucoma, at any 
age, from whatever cause. Maculopathy is mac- 
ulopathy, at any age, from whatever cause. It 
may be early development, from retinotoxins, 
solar-induced, from retinal detachment, and 
the like. So why not just maculopathy, with the 
appropriate descriptors, just as we do for con- 
genital cataract or for glaucoma? 

Some well-meaning professionals, in at- 
tempting to change from senile macular degen- 
eration to age-related maculopathy, get it only 
half right. Age-related macular degeneration is 
a term used in various publications and re- 
search papers. 

Is it realistic to expect professionals to dis- 
card an ill-chosen term, such as senile macular 
degeneration (SMD), and to substitute another? 
It certainly happened with nuclear magnetic 
resonance (NMR), the term used when this 
imaging technique was first clinically intro- 
duced. It was easily changed to magnetic reso- 


nance imaging (MRI), since nuclear did not sell 
well. The term SMD (senile macular degenera- 
tion) does not sell well to the thousands of 
so-labeled, otherwise healthy individuals in 
their 50s and 60s with some maculopathy. 

Today, only a bold and venturesome surgeon 
would tell patients that they have a degenerat- 
ed lens or a senile cataract. Neither one sells 
well. Most people (even surgeons) have a learn- 
ing curve in a competitive environment. So 
wise surgeons use neither the senile nor the 
degeneration, and simply call it cataract. 

Why not call the other simply maculopathy? 
Then everyone can have at it with the appropri- 
ate descriptor: hereditary, diabetic, traumatic, 
or age-related. 

So until the S and the D are dropped for good 
from SMD, it appears only fair, and scientifical- 
ly consistent, to propose the use of the term 
senile accommodative degeneration (SAD) for 
presbyopia. 

Until age-related maculopathy, or simply 
maculopathy, comes into common usage con- 
sistent with other terminology, such as cataract 
or glaucoma, I would point out to all those 
otherwise healthy individuals in their 40s who 
need a visual aid, called a reading glass or a 
bifocal, to overcome a visual disability, they 
should feel comforted to know that they have 
a degenerated accommodative mechanism 
brought on by a senile process that begins in 
the teens. SAD, isn’t it? 


Editor’s note—We at The Journal are often con- 
fused by abbreviations and acronyms and try to 
minimize their use as much as possible. The prob- 
lem originates with the different meanings of the 
same letters. Our handy reference, “Medical Ab- 
breviations,” lists SAD as seasonal affective disor- 
der, Self-Assessment Depression (Scale), subacute 
dialysis, and sugar and acetone determination. 
ARM does little better: anxiety reaction mild and 
artificial rupture of membranes. Thanks to Dr. 
Jampolsky’s concern, it seems unlikely that an 
ophthalmologic SAD will join the list. 


Reprint requests to Arthur Jampolsky, M.D., Smith- 
Kettlewell Eye Research Institute, 2232 Webster St., San 
Francisco, CA 94115. 
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Sector Palsy of the Sphincter 
Pupillae Muscle After Argon Laser 
Trabeculoplasty 


Norbert Pfeiffer, M.D., 
and Guntram Kommerell, M.D. 


Universitats-Augenklinik Mainz (N.P.) and Freiburg 
(G.K.). 


Inquiries to Norbert Pfeiffer, M.D., University Eye 
Hospital, Langenbeckstr. 1, D-6500 Mainz, Germany. 

Argon laser trabeculoplasty generally is a 
safe procedure for the treatment of open-angle 
glaucoma. We encountered an unusual compli- 
cation in a patient. 

Primary open-angle glaucoma was diagnosed 
in the right eye of a 36-year-old man with 
intraocular pressure up to 30 mm Hg. The left 
eye was severely amblyopic because of myopia 
of —30 diopters. Primary argon laser trabeculo- 
plasty was recommended for the right eye and 
performed as follows: pilocarpine and a local 
anesthetic were instilled into the conjunctival 
sac. One hundred laser burns were applied at 
the trabecular meshwork (spot-size, 50 um; 
duration, 0.1 millisecond; energy, approxi- 
mately 1,000 mW to achieve whitening of the 
tissue). During the treatment no abnormality 
was noticed. One hour postoperatively intraoc- 
ular pressure was normal. On the following day 
(after pilocarpine-induced miosis had worn 
off), the patient noticed that his right pupil was 
irregular and was wider than his left. He was 
sensitive to light and had blurred vision. Be- 
cause he felt considerably handicapped in his 
only good eye and had not been warned about 


anisocoria and blurred vision, he considered 
suing his ophthalmologist for malpractice. One 
month later, the patient came for a second 
opinion to our hospital. 

On dark examination, both pupils were 
round and of equal size. With light and at near, 
the right pupil failed to constrict in the nasal 
sector between the 2 and 5 o'clock meridians. 
The rest of the pupil constricted normally (Fig- 
ure). No abnormalities were disclosed on slit- 
lamp examination and gonioscopy. In the right 
eye visual acuity was 20/20 (—4.50 —1.75 x 65) 
and accommodation was normal (8 diopters). In 
the left eye, the pupil was normal, and visual 
acuity was 2/60 (—30 diopters). After instilla- 
tion of one drop of pilocarpine 0.1% into each 
eye, the pupil of the right eye constricted, 
whereas the pupil of the left eye was un- 
changed. The refraction of both eyes remained 
unchanged. 

Dark sunglasses in bright light were recom- 
mended, and the patient was instructed to in- 
still a drop of 0.1% pilocarpine in his right eye 
several times a day. 

Fourteen months later, the patient reported 
that the right pupil had gradually become 
round. On examination, the right pupil con- 
stricted readily to light and near. A slight resid- 
ual paresis was indicated by a flattening of the 
curvature in the nasal sector and a nasal dis- 
placement of the pupil by approximately 0.3 
mm (Figure). 

We believe the sector palsy of the sphincter 
pupillae muscle was caused by argon laser tra- 
beculoplasty. The palsy was discovered on the 
day after treatment, and it had disappeared 15 
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Figure (Pfeiffer and Kommerell). Right pupil one month after argon laser trabeculoplasty. Top left, in the dark; 
top right, contracted in the light; bottom left, after pilocarpine 0.1%; and bottom left, contracted in the light, 15 


months after argon laser trabeculoplasty. 


months later, which strongly suggests a causal 
relationship. The sector palsy was caused by a 
defect of innervation rather than a lesion of 
the muscle since denervation supersensitivity 
could be demonstrated. A tonic pupil is unlike- 
ly because the palsy was limited to one sector, 
accommodation was normal, and recovery was 
almost complete. We believe that parasympa- 
thetic fibers were hit by the argon laser trabecu- 
loplasty near the chamber angle. The parasym- 
pathetic fibers enter the iris as large trunks, 
which break up into a plexus.’ Thus, even a 
single laser burn hitting a trunk might produce 
a sector palsy. It is not necessary to postulate a 
laser burn at the base of the iris. Rather, it 
seems possible that some of the trunks loop 
forward (similar to Axenfeld’s loops) before 
turning back to enter the iris. Such a loop might 
be hit near the trabecular meshwork during 
routine argon laser trabeculoplasty. 


Sector palsies of the sphincter pupillae mus- 
cle are known to occur after photocoagulation 
of the peripheral retina.*’ This complication 
seems to be rare but may only be masked by 
glaucoma medications that affect pupil size. 
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Nd:YAG Laser Treatment for 
Recurrent Hyphemas in 
Pseudophakia 


Lawrence J. Geisse, M.D. 


Department of Ophthalmology, St. Mary Medical 
Center. 


Inquiries to Lawrence J. Geisse, M.D., 2572 Atlantic 
Ave., Long Beach, CA 90806. 

Recurrent hyphemas after cataract surgery 
and placement of an intraocular lens have a 
variety of causes. Modern surgical techniques 
have made vascular ingrowth of the incision 
relatively uncommon.’ Iris blood vessels sub- 
jected to repeated mechanical trauma by an 
intraocular lens are currently the most common 
source of the bleeding. With iris-plane lenses, 
the leaking iris vessels are usually at the pupil- 
lary margin.*® With posterior chamber and 
anterior chamber lenses, iris vessels can be 
affected at several different locations.” 

Identifying the exact location of the bleeding 
is often difficult, although the following may be 
helpful: iris angiography; examining the pa- 
tient during an active hemorrhage; finding a 
clot on a vessel; and finding discrete areas of 
iris erosion by retroillumination.’ 

Treatment success can often be achieved by 
medical means (that is, mydriasis or miosis). If 
eyedrops fail, then argon laser treatment to the 
leaking site may be attempted. Repeated laser 
treatments are often necessary, however, which 
leave an irregular, dilated pupil and subject the 
patient to further bleeding. Occasionally, re- 
moval of the intraocular lens may be necessary. 

I successfully used an Nd:YAG laser to treat 
two patients with posterior chamber intraocu- 
lar lenses who had recurrent hyphemas for 
more than one year. Medical treatment was 
ineffective in both patients. Argon laser treat- 
ment directed by iris angiography was per- 
formed in one patient but had not stopped the 
bleeding. Hemorrhages occurred in both pa- 
tients every four to five weeks and ranged from 
minor blurring of vision to macroscopic hyphe- 
mas of 30% of the total anterior chamber vol- 
ume. 

Upon examination, each patient was found to 
have a transillumination defect of the iris corre- 
sponding to contact of the iris with the optic of 
the intraocular lens. In both patients, an iris 
vessel could be seen traversing this area. It was 
thought that intermittent trauma to this vessel 
was responsible for the recurrent bleeding. 

The vessel was followed peripherally until it 


could be seen outside the transillumination 
defect (and the intraocular lens optic). An iri- 
dotomy was then created with an Nd:YAG laser 
to include the previously identified vessel out- 
side (peripheral to) the edge of the transillumi- 
nation defect (one to four pulses at 5 mJ deliv- 
ered through an Abraham iridectomy contact 
lens). A small amount of bleeding occurred but 
stopped immediately with slight pressure. 

Since this procedure, neither patient has had 
a hemorrhage in more than two years of follow- 
up. Atrophy of the iris vessel central to the 
iridotomy could be seen, which eliminated the 
possibility of rebleeding. No other changes in 
the iris or the eye were noted. 

In cases of recurrent hyphemas after cataract 
extraction with placement of an intraocular 
lens in which a leaking iris vessel can be identi- 
fied, Nd:YAG laser disruption of this vessel 
peripheral to the edge of the intraocular lens is 
simple, effective, and has the advantage of 
avoiding chronic pharmacologic treatment or 
laser-induced distortions of the pupil. 
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Inquiries to David J. Apple, M.D., Department of Oph- 
thalmology, Medical University of South Carolina, 171 
Ashley Ave., Charleston, SC 29425. 

Pain associated with anterior chamber intra- 
ocular lenses has long been a recognized com- 
plication,’ especially with rigid or improperly 
sized lenses. We treated a patient with a com- 
plication of ciliary fixation, namely chronic 
pain apparently induced by mechanical pres- 
sure and irritation on the iris root-—ciliary body 
by a posterior chamber intraocular lens loop. 

A 73-year-old woman with a history of bilat- 
eral blepharoplasty underwent a routine extra- 
capsular cataract extraction with implantation 
of a posterior chamber intraocular lens in the 
right eye on Oct. 23, 1986. According to the 
operative note, capsular fixation was attempt- 
ed; there was no mention of dialing the intraoc- 
ular lens, and the lens was positioned vertical- 
ly. Postoperatively, she had pain and a foreign 
body sensation under her right eyelid. Exami- 
nation disclosed visual acuity of 20/100 and 
mild conjunctival injection, and slit-lamp ex- 
amination showed rare cells and flare. The 
posterior chamber intraocular lens was stated 
to be in excellent position. Results of fundus 
examination and intraocular pressure were 
within normal limits. Initially, her symptoms 
were believed to be an allergic reaction to 
antibiotic eyedrops that had been administered 
postoperatively. This medication was discon- 
tinued, and corticosteroids were used. The for- 
eign body sensation, however, progressed to a 
point where she had severe pain, tearing, and 
burning. She was referred to numerous eye 
centers and a wide variety of diagnoses were 
made, including allergic reaction, irritation 
from the sutures, dry eyes, lagophthalmos, and 
eyelid laxity. Treatments included lubricants, 
corticosteroids, eye patches, and removal of 
one exposed suture in the corneal incision, but 
none of these provided relief of pain and tear- 
ing. She also underwent bilateral lateral can- 
thoplasty and tightening of the lower eyelid. 
No consultant suspected the intraocular lens as 
a factor in the pathogenesis of her problem. The 
patient continued to have pain in the eye. 

The first documentation regarding the fixa- 
tion of the intraocular lens occurred four years 
postoperatively in March 1990. The intraocular 
lens was noted to be malpositioned superiorly, 
with the superior loop eroding through the iris 
and causing pigment loss. The inferior loop was 
within the capsule. Suspecting that chronic iris 
chafing and pressure of the superior uveal- 
fixated loop may have caused the patient's 


symptoms, surgical repositioning was per- 
formed. The intraocular lens was rotated so that 
the superior loop was moved from the site of 
the iris contact into the ciliary sulcus in a 
horizontal position. The inferior loop was also 
noted to have adhesions with retained cortical 
material. This loop was disengaged with some 
difficulty and rotated in the ciliary sulcus. The 
pain subsided almost immediately after lens 
rotation. Ten months postoperatively, the pa- 
tient has had no further pain, and visual acuity 
has improved from 20/100 to 20/30. 

The patient had chronic pain that was caused 
by loop incarceration of an asymmetrically fix- 
ated (capsule-sulcus) posterior chamber intra- 
ocular lens. The uveal-fixated loop had eroded 
into the iris root, which caused episodic chronic 
uveitis. Erosion of loops into ciliary body tissue 
and irritation of the posterior iris surface by 
intraocular lens loops have been previously 
described as the posterior iris chafing syn- 
drome.” Uveal-fixated loops are always situat- 
ed in or near a rich vascular plexus and a stroma 
containing highly metabolic cells.* Mechanical 
damage to uveal tissue is likely to provoke a 
breakdown of the blood-aqueous barrier with 
release of blood or tissue products (for exam- 
ple, inflammatory mediators such as prosta- 
glandins or oxidative-free radicals), which 
causes acute or chronic inflammation.” 

In most instances, the formation of a fibrous 
membrane around the loops or haptics at the 
site of contact with uveal tissue prevents a 
persistent breakdown of the blood-aqueous 
barrier and the onset of chronic inflammation. 
Occasionally, the continuous movement of the 
iris and ciliary body against a protruding haptic 
may inhibit formation of the protective fibrous 
membrane. The severity or intensity of the 
breakdown of the blood-aqueous barrier par- 
tially determines what clinical signs a patient 
may have. These signs range from subclinical or 
symptomatic inflammation to severe uveitis 
with glaucoma and hyphema.* The results of a 
study by Miyake, Asakura, and Kobayshi,’ in 
which the effect of different types of intraocular 
lens fixation on the blood-aqueous barrier were 
analyzed by fluorophotometry, showed that the 
least barrier disruption was in eyes with poster- 
ior chamber intraocular lenses with intracaps- 
ular fixation. The findings in this case suggest 
the biologic merit of capsular fixation. The 
complete isolation of the intraocular lens with- 
in the avascular posterior capsule, away from 
the metabolically active ciliary body and iris, 
apparently explains these results. 
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The differential diagnosis for the ocular pain 
in our patient was complicated by her dry eyes 
and history of eyelid surgery. Not until the iris 
erosion was discovered and the superior loop 
noted to be in contact with the iris was the 
underlying cause for the chronic pain elucidat- 
ed. In this case, the pathophysiologic character- 
istics involved the asymmetric loop fixation 
(capsule-sulcus) with erosion of the upper loop 
into uveal tissue. The problem was probably 
exacerbated by contraction and cicatrization of 
the capsular-fixated inferior loop that augment- 
ed the pressure and erosion of the opposite 
superior loop. When the loops were reposi- 
tioned horizontally into symmetric fixation 
(sulcus-sulcus) to prevent continuous chafing 
by the loops against the iris, the patient’s symp- 
toms resolved. 
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Swelling of Skin Tattoos 
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Inquiries to Chi-Chao Chan, M.D., National Eye Insti- 
tute, Bldg. 10, Room 6C416, 9000 Rockville Pike, Be- 
thesda, MD 20892. 

A 35-year-old man was treated from 1982 to 
1989 because of uveitis. Extensive skin tattoos 
had been applied to the forearms in 1960 and to 
the chest and back in 1970 (Fig. 1). Since 1977, 
the patient developed recurrent simultaneous 
swelling of the various tattoo sites on his fore- 
arms and back; and since 1982, this swelling 
repeatedly preceded the ocular inflammation 
by one week. The ocular examination was char- 
acterized by recurrent episodes of moderate 
anterior nongranulomatous uveitis, initially in 
the left eye and involving the right eye a few 
days later. The cycle would last four weeks with 
one week of acute, red photophobic eyes fol- 
lowed by slight residual photophobia over the 
following three weeks. Three biopsy specimens 
from involved tattoo sites taken several years 
apart showed nonnecrotizing granulomas 
surrounding pigment granules (Fig. 2). Results 
of extensive laboratory, radiographic, and his- 
topathologic studies (lung biopsy) were repeat- 
edly negative. Immunopathologic examination 
of skin tattoos during the acute swelling phase 
showed the nests of infiltrating cells in the 
dermis to be composed mainly of T and B 
lymphocytes and macrophages with a ratio of 
1.5:1:1. Most T lymphocytes bore IL-2 recep- 
tors, and T-helper to T-suppressor cell ratio 
was 1:1. Of the infiltrating cells, 90% stained 
positively for major histocompatibility complex 
class II antigens. 

Most skin tattoos contain metallic com- 
pounds that are potentially sensitizing.’ Metals 
found in tattoos include mercury, copper, iron, 





Fig. 1 (Mansour and Chan). Tattoos covering the 
chest and upper extremities. 
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Fig. 2 (Mansour and Chan). Granuloma around 
black tattoo pigments (hematoxylin and eosin, X 
100). 


and titanium. The histologic pattern of reaction 
to tattoos includes diffuse lymphohistiocytic 
infiltrate, lichenoid reaction, and sarcoidal 
granuloma.” Hanada, Chiyoya, and Katabira’® 
described the findings in a 31-year-old man 
who developed symptoms similar to those of 
systemic sarcoidosis after extensive tattooing. 
These included uveitis and noncaseating gran- 
ulomatous reaction in skin tattoos, lymph 
nodes, and lung tissue. 

This case demonstrated granuloma formation 
with predominance of mononuclear cells. The 
high ratio of B lymphocytes and macrophages 
and equal number of T-helper and T-suppressor 
suppressor cells are indicative of delayed hy- 
persensitivity reaction, unlike that of sarcoido- 
sis.“ The concurrent uveitis and skin indura- 
tion at the site of tattoos appear related to the 
sensitizing character of tattoo material. 
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Vertebral Artery Occlusion 
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A 65-year-old man had polycythemia vera, 
which was controlled by phlebotomies. He un- 
derwent automated perimetry because he saw 
black spots. Because the perimetrist did not 
adjust the height of the chin rest, the examina- 
tion was carried out with the head of the patient 
hyperextended as shown in the Figure. Near the 
end of the test, which had lasted approximately 
30 minutes, he noticed a vague pain in the high, 
lateral, right region of his neck. Five minutes 
later the patient suddenly had vertigo, nausea, 
dysarthria, visual distortion, and an unsteadi- 
ness of gait with a tendency to deviate to the 
right. 

All symptoms gradually resolved over the 
next three days. One week later, neurologic 
examination showed no abnormalities. Blood 
pressure was 140/80 mm Hg and pulse was 80 
beats per minute. Cardiac auscultation was nor- 
mal. There were no vascular bruits. Computed 
tomography of the head was normal. Intrave- 
nous digital subtraction angiography disclosed 
occlusion of the right vertebral artery at the 
C1-C2 vertebral level. X-rays of the neck 
showed nothing unusual. The hematocrit level 
was 54.5%; the white blood cell count was 13.9 
x 10°/mm’ with 83% neutrophils; the platelet 
count was 494 x 10°/mm‘*. 

The patient had polycythemia vera, which is 
associated with an increased risk for cerebro- 
vascular thrombosis. However, since hemato- 
crit and platelet levels were only moderately 
increased, the patient’s polycythemia vera 
could not be considered the cause of the cere- 
brovascular accident. The temporal relation- 
ship to the perimetric examination and the site 
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Figure (De Keyser, Herroelen, and Van Langen- 
hove). Perimetry carried out with the head in hyper- 
extension. 


of the lesion leave little doubt that the vertebral 
artery occlusion was primarily caused by me- 
chanical injury or compression of the vertebral 
artery across the craniovertebral junction, 
caused by cervical hyperextension. Similar 
cases of vertebral artery injury have been de- 
scribed after yoga,’ gymnastic exercises,” over- 
head work,’ and neck manipulation.’ 

Clinic personnel should be instructed about 
the potential hazards of cervical hyperexten- 
sion during diagnostic procedures. 
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Terrien’s disease of the peripheral cornea is 
characterized by a slowly progressive, nonin- 
flammatory, marginal corneal furrowing and 
ectasia of the superior peripheral cornea.’ Su- 
veges, Levai, and Albert’ noted phagocytosis of 
corneal stroma by cells resembling histiocytes 
associated with peripheral corneal blood ves- 
sels in the ectatic areas. The origin of Terrien’s 
disease is still unknown, but the presence of 
lipid associated with the furrowing suggests a 
degenerative process. 

Patients with Terrien’s disease are usually 
asymptomatic, unless they have severe irregu- 
lar astigmatism. Most patients do not have 
significant associated ocular inflammation. 
Austin and Brown,” however, described six pa- 
tients with a combination of severe recurrent 
episodes of painful ocular inflammation and 
corneal findings typical of Terrien’s disease. 
Binder, Zavala, and Stainer’ similarly described 
a patient who had both the corneal changes of 
Terrien’s degeneration and moderately severe 
ocular inflammation. I treated a patient who 
had chronic limbal vernal conjunctivitis and 
developed Terrien’s degeneration. 

A 40-year-old man had severe vernal con- 
junctivitis, both palpebral and limbal, during 
childhood. He was treated with corticosteroid 
and disodium-cromoglycate eyedrops for al- 
most ten years, and at the age of 17 years, he 
was free of symptoms. Subsequently, he began 
having visual disturbances. Refraction dis- 
closed 4 diopters of against the rule astigma- 
tism in addition to —4.0 spheres in both eyes. 
Slit-lamp examination disclosed peripheral su- 
perior corneal opacification with mild, superfi- 
cial vascularization. Corneal thinning was also 
noted in that area. The corneal findings pro- 
gressed during the following years, and the 
superior stromal thinning continued gradually, 
extending peripherally and centrally (Figure), 
which led to ectasia, increased against the rule 
astigmatism, and diminution of visual acuity. 
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Figure (Kremer). Slit-lamp photograph of a superi- 
or band of corneal opacification and some vasculariza- 
tion, in addition to localized thinning with superior 
corneal ectasia. 


Keratometry disclosed R.E.: 52 diopters hori- 
zontal and 44 diopters vertical and L.E.: 51 
diopters horizontal and 43 diopters vertical. In 
both eyes, a typical progression of Terrien’s 
degeneration was found, which consisted of 
superior peripheral corneal opacification, mild 
vascularization, thinning, and ectasia. The pa- 
tient was intolerant to contact lenses, because 
he developed giant papillary conjunctivitis, 
and therefore had to wear spectacles. Best- 
corrected visual acuity was 20/40 bilaterally. 
Unlike the association of keratoconus with 
vernal conjunctivitis, other types of nonin- 
flammatory corneal ectasia, such as superior 
corneal thinning and pellucid marginal degen- 
eration, have been reported to be associated 
with vernal conjunctivitis. Cameron, Al-Rajhi, 
and Badr’ studied 61 patients with different 
corneal ectasia and vernal keratoconjunctivitis. 
Fifty-three patients had keratoconus, five had 
pellucid marginal degeneration, two had kera- 
toglobus, and only one patient had superior 
corneal thinning. In vernal keratoconjunc- 
tivitis, eye rubbing is common because of the 
intense itching; several authors have comment- 
ed on the role of chronic eye rubbing in kerato- 
conus. The variety of corneal thinning patterns 
in association with vernal keratoconjunctivitis 
found in this report’ supports eye rubbing as 
one of the major factors in the cause of corneal 
ectasia. In my opinion, the active limbal vernal 
keratitis per se, with the eosinophilic infiltra- 
tion reaching the peripheral cornea, may be 
another important pathogenetic factor in my 
patient. Limbal vernal keratoconjunctivitis was 





also found in the patient described by 
Cameron, Al-Rajhi, Badr.” 
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Amiodarone hydrochloride is an effective 
drug for the treatment of angina and ventricu- 
lar arrhythmias. Its use has been associated 
with deposits in various tissues, including skin, 
nerves, and cornea.’* Amiodarone has been 
identified in dermal macrophages by energy- 
dispersive x-ray microanalysis.” We used this 
technique on amiodarone-related corneal de- 
posits. 

A 74-year-old man was given 400 mg of 
amiodarone per day after cardioversion for re- 
fractory ventricular tachycardia. Seven months 
later ophthalmologic consultation was ob- 
tained after hospital admission because of the 
amiodarone dosage. The interior portion of 
each cornea contained golden-brown deposits 
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Figure (Haug and Friedman). Electron micrograph 
of corneal epithelium showing electron-dense lamel- 
lar inclusion bodies. Inset, Energy-dispersive x-ray 
microanalysis (EDAX) of inclusions showing high 
iodine content. 


arranged in a linear whorl-shaped pattern. 
There was a clear zone between the terminus of 
the deposits and the corneoscleral limbus. We 
believed that the corneal deposits were typical 
of amiodarone. 

Shortly after the examination, the patient 
underwent surgery for the treatment of his 
ventricular tachycardia. He died ten days later. 

Postmortem histopathologic examination of 
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corneal tissue showed no evidence of deposits 
by light microscopy. The basal layer of epitheli- 
um, however, stained with Perl’s stain. Trans- 
mission electron microscopy demonstrated 
electron-dense inclusions within basal epitheli- 
al cells of the cornea (Figure). These inclusions 
had a lamellar, fingerprint-shaped appearance. 
Energy-dispersive x-ray microanalysis of corne- 
al basal epithelial cells showed a heavy concen- 
tration of iodine within the electron-dense in- 
clusions (Figure, inset). 

Corneal microdeposits have been reported to 
occur in more than 90% of patients taking 
amiodarone.'* Amiodarone and its major me- 
tabolite, desethylamiodarone, can be localized 
to the dermis of sun-exposed skin.’ Histopatho- 
logic studies of light-exposed skin disclosed 
middermal yellow-brown granular pigment, 
perivascular in distribution, localized within 
the cytoplasm of macrophages. On transmis- 
sion electron microscopy, this pigment showed 
the same lamellar arrangement as was seen in 
the corneal epithelium of our patient. The high 
concentration of iodine in these inclusions pre- 
sumably derives from amiodarone, which is 
rich in iodine. 

Fabry’s disease, chloroquine, chlorproma- 
zine, hydroxychloroquine, suramin, and other 
drugs have been associated with both cornea 
verticillata and lamellar inclusion bodies.’ 
Drug-lipid complexes may resist enzymatic 
degradation leading to their accumulation in 
inclusions. Lipid deposits have been demon- 
strated in the lens epithelium, conjunctival fi- 
brocytes, and conjunctival vascular endotheli- 
um of patients taking amiodarone.’ 
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Nosocomial Conjunctival 
Ophthalmomyiasis With Cochliomyia 
macellaria 
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Jill E. Clarridge, Ph.D., 

and Alice Matoba, M.D. 
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thology (J.E.C.), Baylor College of Medicine, and 
Houston Veterans Affairs Medica! Center (J.E.C., 
A.M.). This study was presented in part at the 27th 
annual meeting of the Baylor Ophthalmology Alum- 
ni Association, Houston, Texas, June 8, 1990. 


Inquiries to James Chodosh, M.D., Cullen Eye Institute, 
Baylor College of Medicine, One Baylor Plaza, Houston, 
TX 77030. 

Myiasis is a rare condition in which maggots, 
the larvae of flies, invade and feed on the living 
or dead tissues of humans or animals. Ophthal- 
momyiasis is maggot infestation of the eye or 
periocular tissues. 

A 62-year-old man witha history of dementia 
and peripheral vascular disease was brought to 
the Houston Veterans Affairs Medical Center 
from a local nursing home because of fever. The 
ophthalmology service was consulted because 
of erythema and edema in each eye. 

On examination, best-corrected visual acuity 
was 20/40 in each eye. The eyelids were edem- 
atous. A bloody, mucous discharge was present 
bilaterally. The conjunctiva were injected, che- 
motic, and ulcerated. At each medial canthus, 
several mobile larvae were seen (Fig. 1). The 
larvae appeared to avoid bright light, burrow- 
ing into the chemotic conjunctiva, but were 
successfully removed. The remainder of the 
ocular examination was unremarkable. The 
nose was free of larvae. The patient had a 
decubitus ulcer of the left foot in which no 
larvae were seen. He was admitted to the hospi- 
tal and treated with intravenous antibiotics. No 
further larvae were found on subsequent exam- 
inations. 

The larvae (Fig. 2) were identified as Cochlio- 
myia macellaria. Streptococcus species, group G, 
grew in cultures of blood, conjunctiva, the foot 
ulcer, and from the larvae themselves, which 








Fig. 1 (Chodosh, Clarridge, and Matoba). Right eye 
with several larvae at medial canthus. 


were cultured by allowing them to crawl over a 
blood agar plate. 

Management of external ophthalmomyiasis 
consists of mechanical removal of the maggots 
and a careful search for intraocular or cephalic 
involvement. Although not helpful in our case, 
one should consider culturing the larvae if the 
patient appears systemically ill, because mag- 
gots are vectors of bacterial disease. Repeated 
examination is recommended, since a few lar- 
vae are often missed on the first examination. 

Maggot infestations are usually self-limited 
because larvae, when fully mature, generally 
leave their host to bury themselves in the soil. If 
allowed to invade deep into the orbit in large 
numbers, however, they may hatch into flies 
while still in the socket, producing the fly- 
blown orbit. This may result in death.! 





Fig. 2 (Chodosh, Clarridge, and Matoba). Cochlio- 
myia macellaria after removal. 
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Nosocomial myiasis in the continental Unit- 
ed States is rare. Hospital-acquired nasal myia- 
sis with C. macellaria occurred in a comatose 
diabetic man.” One case of myiasis acquired ina 
convalescent home has been reported, which 
involved the skin donor graft site of a quadri- 
plegic man.’ 

Patients at risk: for nosocomial myiasis are 
those who are unable to fend off the advances 
of female flies in search of decomposing tissue, 
blood, or an open wound.’ The presence of flies 
within a health care facility should not be 
tolerated. 
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Eyelid Tumors in the Proteus 
Syndrome 
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The proteus syndrome is named after the 
sea-god Proteus, who could assume various 
shapes. It is an unusual disorder characterized 
by overgrowth of various body parts.” Al- 
though the phenotypic expression of the dis- 
ease is broad, most patients demonstrate skele- 
tal malformations, multiple soft tissue tumors 
(particularly lipomas), cutaneous hamartomas, 
and visceral anomalies.” 


A 42-year-old man was referred for treatment 
of several large tumors of his left upper eyelid. 
The lesions had been slowly enlarging for 
years. The patient was thoroughly examined at 
the department of medical genetics of our insti- 
tution, and the systemic overgrowth disorder 
was diagnosed as the proteus syndrome. Since 
adolescence, the patient had numerous cutane- 
ous and subcutaneous tumors excised from his 
trunk and face. Previous pathologic diagnoses 
included lipoma, angiolipoma, organoid nevus, 
and trichoepithelioma. Several individual lipo- 
mas removed from the flank and abdomen 
weighed more than 10 kg. 

On examination, the patient had blepharo- 
ptosis secondary to several multilobulated tu- 
mors of the left eyebrow and upper eyelid (Fig. 
1). The lesions were flesh colored and soft. 
Their surface contained dilated pores from 
which material resembling cheese could be ex- 
pressed. Similar cutaneous nodules were pres- 
ent on the side of the nose, external nares, the 
side of the face, back, and abdomen. Best- 
corrected visual acuity was 20/20 in each eye, 
and results of the remainder of the ocular exam- 
ination were normal. Leish nodes were not 
present. General examination disclosed mas- 
sive subcutaneous lipomas in the neck, flank, 
and back. The patient had several malformed 
ribs and cranial exostoses. Neither café-au-lait 
maculae nor axillary freckling were present. 

The eyebrow and eyelid masses were excised. 
Histologically the epidermis displayed mild ac- 
anthosis. Numerous small and large hair struc- 





Fig. 1 (Lessner and Margo). Numerous multilob- 
ulated tumors are present on the left eyebrow, left 
upper eyelid, nose, and side of face. The overlying 
skin contains dilated pores. 
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Fig. 2 (Lessner and Margo). An excised nodule 
displays small and large hair structures with mature 
sebaceous glands that open directly into dilated fol- 
licular infundibula. The hair structures are lined by 
hyperplastic squamous epithelium (hematoxylin and 
eosin, X 40). 


tures were associated with mature sebaceous 
glands (Fig. 2). Sebaceous glands often opened 
into dilated follicular infundibula lined by hy- 
perplastic epithelium and filled with keratin 
debris. Infundibula contained only rudimenta- 
ry or no hair shafts. A few dilated apocrine 
glands were found in the densely collagenized 
dermal connective tissue. Although the histo- 
pathologic findings were consistent with a ne- 
vus sebaceus, clinically the lesions were differ- 
ent. The descriptive diagnosis of sebaceous 
trichofollicular hamartoma was considered 
more appropriate. 

Ocular findings in patients with the proteus 
syndrome include severe myopia, strabismus, 
coloboma, cataracts, nystagmus, and epibulbar 
hamartomas.’ The proteus syndrome was first 
recognized as a distinct clinical entity in 1983. 
The conditions in many patients with this syn- 
drome have probably been confused with other 
somatic overgrowth syndromes, particularly 
neurofibromatosis.° We suspect that other ab- 
normalities of the eyelid and ocular adnexa will 
be described as the proteus syndrome becomes 
more widely recognized. 
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Ichthyosis and Crystalline 
Maculopathy 


Michael P. Teske, M.D., 

Thomas K. Reid, 

James P. Tweeten, M.D., 

and Mano Swartz, M.D. 

Department of Ophthalmology, University of Utah 
School of Medicine. This study was supported in part 
by an unrestricted grant from Research to Prevent 
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gy, University of Utah School of Medicine. 


Inquiries to Michael P. Teske, M.D., Department of 
Ophthalmology, University of Utah School of Medicine, 
50 N. Medical Dr., Salt Lake City, UT 84132. 

Crystalline retinopathy has been noted in 
a variety of conditions, including Bietti’s dys- 
trophy, cystinosis, hyperornithinemia, talc 
retinopathy, tamoxifen chemotherapy, can- 
thaxanthin ingestion, primary and secondary 
oxalosis (methoxyflurane anesthesia, ethylene 
glycol ingestion, and thiamine or pyridoxine 
deficiency), and Sjégren-Larsson’s syndrome.” 
Although excessive dietary rhubarb and spin- 
ach has been suggested to cause secondary 
oxalosis and crystalline retinopathy,'! we could 
find only reports of oxalate poisoning but not of 
crystalline retinopathy. 

At routine ocular examination, a 44-year-old 
woman with a history of sporadic, congenital 
ichthyosis was found to have intraretinal crys- 
tals in both maculae. She reported a mild but 
progressive decrease in her vision during the 
preceding two years but denied any history of 
exposure to agents known to cause crystalline 
retinopathy. She described eating approximate- 
ly six cups of both fresh spinach and rhubarb 
each spring. Her ocular, medical, and family 
history were otherwise unremarkable. 
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Figure (Teske and associates). Red-free fundus photographs of crystalline maculopathy in patient with 
lamellar ichthyosis; left eye at left; right eye at right. 


Dermatologic examination confirmed the di- 
agnosis of a mild, lamellar ichthyosis. Ocular 
examination disclosed best-corrected visual 
acuity of 20/50 in each eye. Computerized 
threshold perimetry and Amsler grid testing 
disclosed a bilateral 4-degree relative central 
scotoma. Color vision by Farnsworth D-15 test 
was normal. Her anterior segments were nor- 
mal with no evidence of crystals. Ophthalmos- 
copy disclosed mostly superficial, and some 
outer, retinal crystals in a pattern of concentric 
rings (bull’s eye) in both maculae (Figure). The 
crystals were mostly superficial rather than at 
the level of the retinal pigment epithelium, 
which is typical of secondary oxalosis. 

Fluorescein angiography demonstrated a few 
mild, pericentral retinal pigment epithelial 
transmission defects corresponding to areas of 
retinal crystals. Results of laboratory tests, in- 
cluding electrolytes, calcium, cholesterol, liver 
function, complete blood cell count with differ- 
ential, and 24-hour urinary oxalate levels, were 
all normal. 

Bietti’s retinopathy without corneal dystro- 
phy, as Mauldin and O’Connor reported,’ not 
associated with excessive dietary rhubarb or 
spinach or ichthyosis, seems an unlikely cause 
in our patient. Sjogren-Larsson’s syndrome is 
an autosomal recessive congenital disorder that 
consists of mental retardation, lamellar ichthy- 
osis, and spastic diplegia or tetraplegia, which 


often has an associated crystalline retinopathy.” 
Impaired fatty alcohol oxidation leading to ac- 
cumulation of fatty alcohol in cultured skin 
fibroblasts has been reported as the abnormali- 
ty in Sjogren-Larsson’s syndrome.’ A clinical 
pathologic report described a patient reported 
to have Sjégren-Larsson’s syndrome and glis- 
tening dots in the retina, but no abnormalities 
other than increased lipofuscin granules were 
found.° 

The relationship between crystalline retinop- 
athy and lamellar ichthyosis is unclear. Our 
otherwise normal patient may have a metabolic 
abnormality similar to that in Sjogren-Lars- 
son’s syndrome, resulting in both crystalline 
retinopathy and lamellar ichthyosis. Another 
possibility is an interaction between this meta- 
bolic abnormality and the high oxalate levels 
from her ingestion of spinach and rhubarb. 
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Blepharoptosis Caused by Systemic 
Thymoxamine 


Deepak K. Chitkara, F.C. Ophth., 
and John M. Hudson, F.R.C.S. 


North Riding Infirmary. 


Inquiries to Deepak K. Chitkara, F.C. Ophth., North 
Riding Infirmary, Newport Rd., Middlesbrough, Cleve- 
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An 84-year-old woman had a one-year histo- 
ry of gradual right blepharoptosis, which had 
become worse in the previous eight weeks. She 
had peripheral vascular disease, migraine, and 
hypertension. Her medication included ateno- 
lol, 50 mg, and thymoxamine, 40 mg twice 
daily. The thymoxamine was started immedi- 
ately before the worsening of her symptoms of 
blepharoptosis. 

Ocular examination showed mild dermato- 
chalasis of both upper eyelids and a right 
blepharoptosis of 2 mm. The levator muscle 
function was 15 mm on both sides, and no 
fatiguability was demonstrable. The ocular 
movements were full, and the pupils were equal 
and reactive. Results of the remainder of the 
ocular examination were normal. 

The possibility of blepharoptosis secondary 
to thymoxamine therapy was considered. The 
patient was advised to stop thymoxamine two 
weeks before her next appointment. The pa- 
tient was examined again after four weeks. She 
reported a marked symptomatic improvement 
since discontinuing thymoxamine_ therapy. 
Clinically the blepharoptosis had resolved, al- 
though the amount of dermatochalasis and le- 
vator muscle function had remained un- 
changed. A two-week period of rechallenge 
with thymoxamine was suggested, which 


April, 1991 


would be helpful in confirming the diagnosis, 
but the patient refused because the condition 
had improved since thymoxamine had been 
discontinued. 

The use of thymoxamine to reduce eyelid 
retraction is well documented.’ Thymoxamine 
is a selective alpha-adrenergic blocker, which 
acts by competitive antagonism of noradrena- 
line. Systemically, it is used in short-term treat- 
ment of Raynaud’s syndrome in a dose of 40 to 
80 mg four times daily.* Our patient was taking 
40 mg of thymoxamine twice daily for peripher- 
al vascular disease, with little or no benefit. The 
British National Formulary recommends with- 
drawal of the drug after two weeks if no benefi- 
cial effect is noted. The side effects of systemic 
thymoxamine therapy include facial flushing, 
vertigo, headaches, mild nausea, and diar- 
rhea.” Topical ophthalmic solution of thymox- 
amine is known to cause transient ocular irrita- 
tion, conjunctival hyperemia, and Horner’s 
syndrome associated with mild blepharopto- 
sis.’ Ophthalmologists use this effect of topical 
thymoxamine to attempt to reverse the eyelid 
retraction of dysthyroid ocular disease.’ Our 
patient developed a clinically significant bleph- 
aroptosis after starting oral thymoxamine, and 
the amount of blepharoptosis was 2 mm, which 
is similar in degree to that noted with topical 
use. 

Thymoxamine may cause _ blepharoptosis 
whether administered topically or systemically. 
This may be because of the minimal sympto- 
matic effect it usually produces. In this patient, 
blepharoptosis was more noticeable because of 
the asymmetry in association with the in- 
creased laxity of the eyelids, which was 
age-related. Clinicians should be aware that 
systemic thymoxamine is one of the causes of 
drug-induced blepharoptosis. 
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Vitreous Floater 


Was there a blow first off? 

The world strikes back; 

One blow, at least, we'd all recall. 
First red. A light? A bird! 

Changed yellow, feathered, bright, 
It swooped across my field 
Canary-like. 

Now, darkened to a crow, 

It raven stays. 


At night my crow flies down 
To rest behind my lid 

Till rising with the light 

It swoops and glides 

Across my world, all day. 


One bird is not so bad. 
Become familiar, like a friend, 


We play. 
I move my bird 
To here, now here, 
Then here. 


But two black birds? 

That’s quite another thing; 

I think it’s hatched another; 
I sense another bird. 
Fledglings are often pale 
Which when full-grown 
Have feathers, full and black. 


BERNADINE Z. PAULSHOCK, M.D. 
Medical Center of Delaware 
Wilmington, Delaware 
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The Natural Course of Central Retinal 
Vein Occlusion 


EDITOR: 

In the article, “The natural course of central 
retinal vein occlusion,” by P. M. Quinlan, M. 
J. Elman, A. K. Bhatt, P. Mardesich, and C. 
Enger (Am. J. Ophthalmol. 110:118, August 
1990), the authors supplied data on the visual 
outcome of these patients. This information 
contributes to the management of neovascular 
complications, which can be prevented in most 
cases by photocoagulation, and emphasizes 
the poor visual outcome even in patients with 
the nonischemic variant of this disease. We?” 
support their finding of an overall bad visual 
prognosis in a disease that Hayreh’ claimed to 
be benign. 

The authors state that there is no treatment 
shown to improve vision definitely in patients 
with central retinal vein occlusion. We disa- 
gree; the authors do not mention controlled 
studies that have proven that visual improve- 
ment may follow fibrinolysis and isovolemic 
hemodilution. 

Kohner and associates‘ found a better visual 
outcome in eyes with central retinal vein oc- 
clusion in a controlled clinical trial using in- 
travenous streptokinase. Because permanent 
visual loss secondary to severe vitreous hem- 
orrhage occurred in three patients, they elimi- 
nated this treatment for the routine patient. 

A second effective therapeutic is an iso- 
volemic hemodilution.’” Bloodletting com- 
bined with replacement of lost volume by dex- 
tran 40 or hydroxyethylstarch to a hematocrit 
level of 0.30 to 0.35 lowers whole blood vis- 
cosity by nearly 30%. This decreases the arte- 
riovenous filling time (from the first appear- 
ance of the dye in the retinal artery to 
maximal venous filling) from 17.4 to 11.6 sec- 
onds.* Improved retinal bloodflow explains the 
better visual prognosis in these eyes compared 
to untreated eyes. Isovolemic hemodilution 
has been used in more than 150 patients with- 
out serious side effects.’”° The improvement 
rate in our study’ was nearly double that of 
Quinlan and associates. 


L. L. HANSEN, M.D. 
J. WIEK, M.D. 
Freiburg, Germany 
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Treatment of Traumatic Optic 
Neuropathy With 
Corticosteroids — Correction 


EDITOR: 

In our article, “Treatment of traumatic optic 
neuropathy with corticosteroids” (Am. J. Oph- 
thalmol. 110:776, December 1990), the dexa- 
methasone dose was listed incorrectly in the 
footnotes to Tables 3 and 4. The correct dose, 
reported within the text, was 20 mg every six 
hours. 


THOMAS C. SPOOR, M.D. 
Detroit, Michigan 

WALTER C. HARTEL, M.D. 
Dayton, Ohio 

DANIEL B. LENSINK, M.D. 
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Manual of Visual Fields. Edited by Elliot B. 
Werner. New York, Churchill Livingstone, Inc., 
1990. Softcover, 238 pages, index, illustrated. 
$39 


Reviewed by WILLIAM M. HART, Jr. 
St. Louis, Missouri 


Residents in ophthalmology have always 
needed a convenient source of information for 
the theory and practice of clinical perimetry. As 
its name implies, this manual seeks to fill that 
role. Edited by Elliot Werner with contributions 
by Drs. Chauhan, LeBlanc, and Mills, the 12 
chapters of the text deal initially with the his- 
torical background of clinical perimetry and the 
rapid development over the past two decades of 
sophisticated forms of manual and automated 
visual field testing. The principal instruments 
discussed include the Goldmann perimeter (the 
gold standard of manual perimeters) and the 
two dominant automated instruments, the Oc- 
topus perimeter and the family of Humphrey 
perimeters (referred to as visual field analyz- 
ers). The rudiments of the technical use of these 
instruments and an introduction to the more 
basic elements of visual psychophysics used in 
clinical visual field testing are covered in turn. 
After a general discussion of the physiology of 
the normal visual field, separate chapters are 
devoted to diseases of the retina and choroid, 
glaucoma, the optic nerve, the chiasm, and the 
retrochiasmal visual pathways. 

One gets a sense of day-to-day perimetry 
from the clinical examples of various types of 
visual field defects. These examples seem to 
represent the kind of problems commonly en- 
countered in ophthalmic practices. There is a 
good explanation of the common artifacts of 
perimetry, including those caused by small pu- 
pils, poor patient performance, malalignment 
of the patient’s head in the instrument, and the 
like. 

This text is not meant to be an exhaustive 
reference text; it is a reasonably complete intro- 
duction to perimetry for trainees that are new 
to the game. Its softbound format and moderate 
cost will make it attractive to many. 
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Books Received 


Age-Related Cataract. By Richard W. Young. 
New York, Oxford University Press, 1990. 290 
pages, index. $55 


Dr. Young has a long-standing interest in the 
causes of cataract. He has recently reviewed 
approximately 1,000 publications on the sub- 
ject and has reached a conclusion so simple that 
it is not easy to swallow in one gulp. Dr. Young 
insists with some vigor that the onset of cata- 
racts could be significantly delayed if we all 
were to use protective eye wear that would keep 
the ultraviolet light out of our eyes. 


Practical Management of Squint. By Graham 
Pittar. Australia, Turton & Armstrong Pty. Ltd., 
1990. 341 pages, index, illustrated. $147 


Dr. Pittar’s book contains some provocative 
reading for the ophthalmologist interested in 
strabismus. The author emphasizes and ex- 
plains his simplified approach to patient exami- 
nation. 


The Book List 


The Eye in Systemic Disease, ed. 2. By Jack J. 
Kanski and Dafydd J. Thomas. Stoneham, 
Butterworths, 1990. 161 pages, index, illustrat- 
ed. $80 


Orthoptic Assessment and Management. By 
David Stidwill. St. Louis, Mosby-Year Book, 
Inc., 1990. 182 pages, index, illustrated. $59.95 


Phacoemulsification Surgery. Edited by Terence 
M. Devine and William Banko. New York, Perga- 
mon Press, 1990. 130 pages, index, illustrated. 
$125 


ABSTRACT DEPARTMENT 


Edited by Michael A. Kass, M.D. 


Ticlopidine treatment reduces the progres- 
sion of nonproliferative diabetic retinopathy. 
Ticlopidine Microangiography of Diabetes 
Study Group*: Arch. Ophthalmol. 108:1577, 
1990. 


DIABETIC RETINOPATHY, TICLOPIDINE, 
FLUORESCEIN ANGIOGRAPHY 


This randomized, double-masked, placebo- 
controlled trial assessed the effect of tic- 
lopidine, an antiplatelet agent, in reducing the 
progression of nonproliferative diabetic reti- 
nopathy in 435 patients followed up for three 
years. The mean yearly increase in definite 
microaneurysms on fluorescein angiograms 
was significantly higher (P = .03) in the placebo 
group (1.44 + 4.67) than in the ticlopidine 
group (0.48 + 5.79). Significance was limited to 
primary analysis using a quality angiographic 
coefficient for definite microaneurysms in pa- 
tients with at least three readable angiograms 
over a three-year period. Ticlopidine induced a 
sevenfold reduction of the yearly microaneu- 
rysm progression (0.23 + 6.66) in treated dia- 
betic patients compared with the placebo (1.57 
+ 5.29) (P = .03). Fewer insulin-treated diabet- 
ic patients developed new vessels in the tic- 
lopidine group than in the placebo group, (bor- 
derline statistical significance, P = .056). 
Overall retinopathy progression was signifi- 
cantly less severe in the ticlopidine group (P = 
.04). The study demonstrated that ticlopidine 
slowed the progression of nonproliferative dia- 
betic retinopathy.—Michael A. Kass 


“Jacques Mirouze, M.D., Clinique des Maladies 
Métaboliques et Endocriniennes, Hopital Lapeyron- 
ie, 34059 Montpellier, France. 


Slow glucose removal rate and hyperinsulin- 
emia precede the development of type II dia- 
betes in the offspring of diabetic parents. 
Warram, J. H.*, Martin, B. C., Krolewski, A. S., 
Soeldner, J. S., and Kahn, C. R.: Ann. Intern. 
Med. 113:909, 1990. 
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TYPE I| DIABETES, REDUCED GLUCOSE 
CLEARANCE, COMPENSATORY HYPERINSULINEMIA 


There is debate concerning whether insulin 
resistance or insulin deficiency is the primary 
defect of type II diabetes. Intravenous glucose 
tolerance tests were performed on 155 nondia- 
betic offspring (age range, 16 to 60 years) who 
had two parents with type II diabetes and 186 
nondiabetic control subjects in the same age 
range who had no family history of diabetes. 
Two characteristics distinguished the offspring 
of diabetic parents from control subjects. The 
offspring of diabetic parents had slower glucose 
removal rates and higher insulin levels (fasting 
and during the second phase of insulin re- 
sponse to intravenous glucose) than did control 
subjects, even after adjustment for differences 
in obesity. Type II diabetes developed in 16% of 
the offspring of diabetic parents. The mean 
glucose removal rate at baseline was 1.7% /min 
among offspring who subsequently developed 
diabetes, 2.2% /min among offspring who re- 
mained nondiabetic, and 2.3%/min among 
control subjects. Corresponding means for 
first-phase insulin were 498, 354, and 373 pM, 
respectively, whereas second-phase insulin 
means were 329, 117, and 87 pM, respectively. 
It appears that reduced glucose clearance is 
present one to two decades before type II 
diabetes is diagnosed. This reduced glucose 
clearance is accompanied by compensatory 
hyperinsulinemia, not hypoinsulinemia, which 
suggests that the primary defect is in peripheral 
tissue response to insulin and glucose, not in 
the pancreatic beta cells.—Michael A. Kass 


*Section on Epidemiology and Genetics, Research 
Division, Joslin Diabetes Center, One Joslin Place, 
Boston, MA 02215. 


N 


Cerebral glucose metabolism in adults with 
hyperactivity of childhood onset. Zametkin, 
A. J.*, Nordahl, T. E., Gross, M., King, A. C., 
Semple, W. E., Rumsey, J., Hamburger, S., and 
Cohen, R. M.: N. Engl. J. Med. 323:1361, 1990. 
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HYPERACTIVITY, GLOBAL AND REGIONAL 
CEREBRAL GLUCOSE METABOLISM 


The cause of childhood hyperactivity is un- 
known. One hypothesis is that altered cerebral 
glucose metabolism is responsible for hyperac- 
tivity. Twenty-five hyperactive individuals, 
parents of hyperactive children who continued 
to have symptoms into adulthood, underwent 
measurements of cerebral glucose metabolism 
by positron emission tomography. Fifty normal 
adults served as a control group. Global cere- 
bral glucose metabolism was 8.1% lower in the 
adults with hyperactivity than in the normal 
control subjects (mean + standard deviation, 
9.05 + 1.20 mg per minute per 100 g in the 
adults with hyperactivity versus 9.85 + 1.68 mg 
per minute per 100 g in the control subjects, P 
= .034). In the adults with hyperactivity, glu- 
cose metabolism was significantly reduced in 
30 of 60 specific brain regions when compared 
to normal control subjects. The greatest reduc- 
tions in glucose metabolism were in the pre- 
motor cortex and the superior prefrontal cortex, 
areas shown to be involved in the control of 
attention and motor activity.—Michael A. Kass 


*Section on Clinical Brain Imaging, National Insti- 
tute of Mental Health, NIH, Bldg. 10 4N317, 9000 
Rockville Pike, Bethesda, MD 20892. 


Vision despite tomographic absence of the 
occipital cortex. Summers, C. G.*, and Mac- 
Donald, J. T.: Surv. Ophthalmol. 35:188, 1990. 


MICROCEPHALY, ABSENCE OF OCCIPITAL 
CORTEX, FUNCTIONING VISION 


Complex visual processing in humans is 
thought to depend upon the geniculostriate 
cortex. Patients with acquired lesions of the 
occipital cortex often have severe limitations of 
visual function and may be cortically blind. A 
14-month-old boy had microcephaly, spastic 
diplegia, and esotropia. The child reached for 
objects and held them in the midline, and he 
could fix monocularly and follow brightly col- 
ored targets measuring approximately 3 cm. 
Pupillary reactions were normal. A tomograph- 
ic scan of the head disclosed absence of normal 
occipital cortex, and electroencephalography 


showed markedly reduced voltages over the 
occipital region. It is possible that visual func- 
tioning in this patient was related to a more 
primitive nonstriate visual system that exists in 
other primates. This study indicates that visual 
function cannot be predicted when severe de- 
velopmental anomalies of the occipital cortex 


are detected with computed tomography.— 
Michael A. Kass 


“Department of Ophthalmology, University of Min- 
nesota, Box 493 UMHC, 516 Delaware St. S.E., Min- 
neapolis, MN 55455. 


The opposite pupil in herniation. Ropper, 
A. H.*: Neurology 40:1707, 1990. 


TRANSTENTORIAL HERNIATION, CONTRALATERAL 
PUPIL ABNORMALITIES 


Pupillary dilation is a well-known sign of a 
herniating mass. Most of the published studies 
describe only the pupil on the side of the mass, 
although there have been a few descriptions of 
late dilation of the opposite pupil in uncal 
herniation. Serial examinations were per- 
formed on 13 patients with transtentorial her- 
niation. In most patients, the contralateral pu- 
pil was initially 2.5 to 4.0 mm in diameter and 
had a reduced light reaction. This was followed 
by aslight reduction in the size of the contralat- 
eral pupil and then by the contralateral pupil 
becoming larger than its original size. Subse- 
quent deterioration varied, but eventually the 
ipsilateral and contralateral pupils were fixed 
and dilated. These observations suggest that 
once transtentorial herniation causes dilation 
of the pupil on the ipsilateral side, subsequent 
deterioration may be monitored through chang- 
es in reactivity and size of the opposite pupil.— 
Michael A. Kass 


*St. Elizabeth’s Hospital, 736 Cambridge St., Boston, 
MA 02135. 


Why are eye muscles frequently involved in 
myasthenia gravis? Kaminski, H. J.*, Mass, 
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E., Spiegel, P., and Ruff, R.L.: Neurology 
40:1663, 1990. 


MYASTHENIA GRAVIS, EXTRAOCULAR MUSCLE 
INVOLVEMENT 


Extraocular muscle involvement occurs in ap- 
proximately 90% of individuals with myasthe- 
nia gravis at the onset of the disease. At least 
15% of patients with myasthenia gravis mani- 
fest only ocular signs. The authors hypothesize 
that certain properties of the extraocular mus- 
cles may predispose them to involvement in 
myasthenia gravis. First, slight extraocular 
muscle weakness can misalign the visual axes 
sufficiently to produce symptoms. Second, the 
high firing frequencies of extraocular muscle 
motor units may increase their susceptibility to 
fatigue. In myasthenia gravis, antibodies direct- 
ed at nicotinic acetylcholine receptors reduce 
acetylcholine at the neuromuscular junction 
and impair muscular excitation. The physiolog- 
ic properties of extraocular muscle fibers may 
make them uniquely susceptible to this block of 
neuromuscular excitation. Neuromuscular 
epitopes unique to extraocular muscle may ex- 
ist, and thus antibodies in some patients with 
myasthenia gravis could be targeted specifically 
to extraocular muscle postsynaptic mem- 
branes.—Michael A. Kass 


*Neurology Service 141A7(W), Cleveland Veterans 
Affairs Medical Center, 10701 East Blvd., Cleveland, 
OH 44106. 


In vivo and in vitro collagenolytic activity of 
Acanthamoeba _ castellanii. He, Y.G., 
Niederkorn, J. Y.*, McCulley, J. P., Stewart, 
G. L., Meyer, D.R., Silvany, R., and 
Dougherty, J.: Invest. Ophthalmol. Vis. Sci. 
31:2235, 1990. 


ACANTHAMOEBA CASTELLANII, COLLAGENOLYTIC 
ENZYME 


Axenic cultures of Acanthamoeba castellanii 
contained a collagenolytic enzyme that digest- 
ed collagen shields and purified collagen in 
vitro. Specificity of biologic activity was deter- 
mined by the addition of selected enzyme in- 


hibitors to the assays and revealed that the 
parasite-conditioned medium contained both 
collagenase and lower concentrations of other 
proteolytic enzymes. However, most of the 
collagenolytic and pathogenic activity was di- 
rectly attributable to specific collagenase. Intra- 
stromal injection of sterile, Acanthamoeba-con- 
ditioned culture medium into naive Lewis rats 
produced corneal lesions clinically similar to 
and closely resembling those found in biopsy 
specimens of human patients diagnosed with 
acanthamoebic keratitis. Histopathologic anal- 
ysis revealed moderate-to-severe neutrophil in- 
filtration, disruption of stromal lamellae, and 
edema. Identical pathologic sequelae were pro- 
duced by intrastromal injection of purified col- 
lagenase (25 units/ml). The pathogenicity of 
the soluble parasite-derived product was re- 
moved by passage over affinity columns armed 
with antibody specific for collagenase. These 
results indicated that soluble parasite-derived 
factors were capable of producing lesions char- 
acteristic of acanthamoebic keratitis and that 
the pathogenicity of these factors was either 
directly or indirectly attributable to specific 
collagenase activity.— Authors’ abstract 


*Department of Ophthalmology, University of Texas 
Southwestern Medical Center at Dallas, Dallas, TX 
192955 


Antibodies to Epstein-Barr virus in iri- 
docorneal endothelial syndrome. Tsai, C. S., 
Ritch, R.*, Straus, S.E., Perry, H.D., and 
Hsieh, F. Y.: Arch. Ophthalmol. 108:1572, 
1990. 


IRIDOCORNEAL ENDOTHELIAL SYNDROME, 
EPSTEIN-BARR VIRUS 


Antibody titers to Epstein-Barr virus were 
determined in 13 patients with iridocorneal 
endothelial syndrome and in 13 healthy race-, 
age-, and sex-matched controls. Both the geo- 
metric mean titer of IgG antibodies to the 
Epstein-Barr virus capsid antigen and the pro- 
portion with high titers of IgG antibodies to the 
Epstein-Barr virus capsid antigen (= 1:640) 
were significantly higher in 12 seropositive pa- 
tients with iridocorneal endothelial syndrome 
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than in 12 seropositive controls (1/761:1/202, 
P = .001; 83.3%:8.3%, P < .001). Ten of 12 
seropositive patients with iridocorneal endo- 
thelial syndrome and five of 12 seropositive 
controls had antibodies to Epstein-Barr virus- 
induced early antigens (= 1:10) (Fisher’s Exact 
Test, P < .05), while four seropositive patients 
with iridocorneal endothelial syndrome and 
one seropositive control had low to undetect- 
able levels of antibodies to Epstein-Barr virus- 
associated nuclear antigen (= 1:5) (P > .1). 
Antibody levels to cytomegalovirus or measles 
virus were not different between patients with 
iridocorneal endothelial syndrome and con- 
trols. Additional studies showed no evidence of 
humoral immune disorder or collagen vascular 
disease in the patients with iridocorneal endo- 
thelial syndrome. The serologic profiles suggest 
that the patients with iridocorneal endothelial 
syndrome examined had a cellular immune ab- 
normality sufficient to permit reactivation of 
latent Epstein-Barr virus infection and imply, 
but do not establish, a role for Epstein-Barr 
virus infection in the pathogenesis of some 
cases of the iridocorneal endothelial syn- 
drome.—Authors’ abstract 


*Glaucoma Service, New York Eye and Ear Infirmary, 
310 E. 14th St., New York, NY 10003. 


Relation of meat, fat, and fiber intake to the 
risk of colon cancer in a prospective study 
among women. Willett, W.C.*, Stampfer, 
M. J., Colditz, G. A., Rosner, B.A., and 
Speizer, F. E.: N. Engl. J. Med. 323:1664, 1990. 


INCIDENCE OF COLON CANCER, ANIMAL FAT 
INTAKE 


The rate of colon cancer in various countries 
is correlated with the per capita consumption of 
red meat and animal fat. Colon cancer 
developed in 150 of 88,751 women, aged 34 to 
59 years, who did not have a history of cancer, 
inflammatory bowel disease, or familial polyp- 
osis. After adjustment for total energy intake, 
animal fat intake was associated positively with 
the risk of colon cancer (P = .01). The relative 
risk for the highest quintile of fat consumption 
as compared to the lowest quintile was 1.89 


(95% confidence interval, 1.13 to 3.15). No 
association was found between colon cancer 
and vegetable fat intake. The relative risk of 
colon cancer in women who ate beef, pork, or 
lamb as a main dish every day was 2.49 (95% 
confidence interval, 1.24 to 5.03), as compared 
with those reporting consumption of less than 
once a month. Consumption of processed 
meats and liver was also significantly associat- 
ed with increased risk, whereas consumption of 
fish and chicken without skin was related to 
decreased risk. A low intake of fiber from fruits 
appeared to contribute to the risk of colon 
cancer, but this relationship was not statistical- 
ly independent of meat intake. These data sup- 
port the hypothesis that a high intake of animal 
fat increases the risk of colon cancer, and they 
support existing recommendations to substi- 
tute fish and chicken for meats high in fat.— 
Michael A. Kass 


*Channing Laboratory, Department of Medicine, 
Harvard Medical School, Boston, MA. 


A controlled trial of early adjunctive treat- 
ment with corticosteroids for Pneumocystis 
carinii pneumonia in the acquired immunode- 
ficiency syndrome. Bozzette, S. A.*, Sattler, 
F. R., Chiu, J., Wu, A. W., Gluckstein, D., 
Kemper, C., Bartok, A., Niosi, J., Abramson, l., 
Coffman, J., Hughlett, C., Loya, R., Cassens, 
B., Akil, B., Meng, T.-C., Boylen, C. T., Nielsen, 
D., Richman, D. D., Tilles, J. G., Leedom, J., 
McCutchan, J. A., and the California Collabora- 
tive Treatment Group: N. Engl. J. Med. 
323:1451, 1990. 


PNEUMOCYSTIS CARINII PNEUMONIA, 
CORTICOSTEROID TREATMENT 


Pneumocystis carinii pneumonia is a common 
cause of serious morbidity and mortality in 
patients with the acquired immunodeficiency 
syndrome. A total of 333 patients with AIDS 
and Pneumocystis pneumonia received standard 
treatment and were randomly assigned to re- 
ceive either corticosteroids (beginning with the 
equivalent of 40 mg of prednisone twice daily) 
or no additional therapy. The primary end 
points in this unmasked trial were the occur- 
rence of respiratory failure, death, and dose- 
limiting toxicity of the initial standard therapy. 
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The patients assigned to treatment with corti- 
costeroids had a lower cumulative risk at 31 
days of respiratory failure (0.14 versus 0.30, P 
= .004) and of death (0.11 versus 0.23, P = 
.009), as well as a lower risk of death within 84 
days (0.16 versus 0.26, P = .026). The frequen- 
cy of dose-limiting toxicity of the standard 
therapy was similar in the two treatment 
groups. Clinical benefit could not be demon- 
strated, however, for patients with mild dis- 
ease. Thus it appears that early adjunctive 
treatment with corticosteroids reduces the risks 
of respiratory failure and death in patients with 
AIDS and moderate to severe Pneumocystis 
pneumonia. Because the adverse effects are 
few, corticosteroids should be included as part 
of the initial treatment for persons with AIDS 
who have moderate to severe Pneumocystis 
pneumonia.—Michael A. Kass 


*Division of Infectious Diseases, Box H208, Universi- 
ty of California-San Diego Medical Center, 225 Dick- 
inson St., San Diego, CA 92103. 


Diclofenac-associated hepatotoxicity. Helf- 
gott, S. M., Sandberg-Cook, J., Zakim, D., and 
Nestler, J.*: JAMA 264:2660, 1990. 


DICLOFENAC SODIUM, HEPATITIS, HEPATIC 
NECROSIS 


Diclofenac sodium (Voltaren), a noncortico- 
steroidal antiinflammatory drug that is a phe- 
nylacetic acid derivative, has recently been re- 
leased for use in the United States. Seven 
patients who received the drug developed sig- 
nificant hepatitis. Signs and symptoms 
developed within several weeks of starting the 
drug and generally resolved four to six weeks 
after discontinuation of the drug. The only 
patient rechallenged with diclofenac developed 
a recurrence of the hepatic abnormalities. In 
one patient fatal fulminant hepatitis developed 
despite early withdrawal of the drug. Three 
previous fatalities associated with diclofenac 
therapy have been reported. It is unclear 
whether the incidence of hepatotoxicity is high- 
er with this drug compared with other noncor- 
ticosteroidal antiinflammatory drugs. Careful 


patient monitoring is advised, and prompt dis- 
continuation of the drug is suggested when 
signs or symptoms of liver disease develop.— 
Michael A. Kass 


*85 Seymour St., Hartford, CT 06106. 


A public hospital closes. Impact on patients’ 
access to care and health status. Bindman, 
A. B.*, Keane, D., and Lurie, N.: JAMA 
264:2899, 1990. 


PUBLIC HOSPITAL CLOSING, AVAILABILITY OF 
MEDICAL CARE, PATIENTS’ HEALTH STATUS 


The authors surveyed the health status and 
access to medical care of individuals from Shas- 
ta County, California, who had been medical 
inpatients at Shasta General Hospital in the 
year before it closed, and compared them with 
individuals from San Luis Obispo County, 
whose public hospital did not close. Surveys 
were made after the closing of Shasta General 
Hospital and one year later. The medical out- 
comes were assessed using the Medical Out- 
comes Study Short Form and a series of transi- 
tion questions that asked about changes in 
health over time. Data were available for 88% 
of patients at one year, 219 from Shasta County 
and 195 from San Luis Obispo County. At the 
follow-up, the percentage of patients from 
Shasta County who reported no regular health 
care provider increased from 14.0% to 27.7%, 
and the percentage who reported they were 
denied care increased from 10.8% to 16.9%. In 
contrast, patients in San Luis Obispo County 
reported improved access to a regular health 
care provider, and the level of denied care was 
unchanged. Patients in Shasta County had sig- 
nificant declines in health perception, social 
and role function, and increases in pain as 
compared with the patients in San Luis Obispo 
County. Thus, closing of a public hospital hada 
significant impact on access to health care and 
was associated with a decline in perceived 
health status.—Michael A. Kass 


*Department of Medicine, San Francisco General 
Hospital, 1001 Potrero Ave., Rm. 5H-22, San Francis- 
co, CA 94110. 
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Use of high dose chloral hydrate for ophthal- 
mic exams in children. A retrospective review 
of 302 cases. Fox, B. E. S., O’Brien, C.O., 
Kangas, K. J., Murphree, A. L., and Wright, 
K. W.*: J. Pediatr. Ophthalmol. Strabismus 
27:242, 1990. 


CHLORAL HYDRATE, EXAMINATION OF CHILDREN 


A careful study of the safety and effectiveness 
of chloral hydrate is lacking, although chloral 
hydrate sedation has been proposed as an alter- 
native to examination under anesthesia for pe- 
diatric patients who cannot cooperate with rou- 
tine test procedures. A cohort of 302 patients 
between the ages of 1 month and 5 years re- 
ceived high-dose chloral hydrate for ophthal- 
mic examination. The patients had nothing to 
eat or drink for four hours before drug adminis- 
tration. The patients then received chloral hy- 
drate, 80 to 100 mg/kg of body weight, with a 
maximum dose of 3 g. Supplemental adminis- 
tration of chloral hydrate, when required, was 
one half of the original dose. The patients were 
monitored during sedation and until fully 
awake. Good sedation without the need for 
supplemental doses was attained in 266 of 302 
patients (88%). There were no complications, 
including emesis, respiratory distress or de- 
pression, behavioral problems, changes in vital 
signs, patient injury, or hospital admission. 
The high dose of chloral hydrate resulted in 
safe and generally successful sedation of pedi- 
atric patients for ophthalmic examination. — 
Michael A. Kass 


*Division of Ophthalmology, Childrens Hospital Los 
Angeles, 4650 Sunset Blvd., Los Angeles, CA 90027. 


A randomized, prospective field trial of a 
conjugate vaccine in the protection of infants 
and young children against invasive Hae- 
mophilus influenzae type b disease. Eskola, 
J.*, Käyhty, H., Takala, A. K., Peltola, H., 
Rönnberg, P.-R., Kela, E., Pekkanen, E., 
McVerry, P. H., and Mäkelä, P. H.: N. Engl. J. 
Med. 323:1381, 1990. 


HAEMOPHILUS INFLUENZAE, 
POLYSACCHARIDE-PROTEIN CONJUGATE VACCINE 


Haemophilus influenzae type b is the leading 
cause of invasive bacterial disease in young 
children. Unfortunately the capsular polysac- 
charide vaccine does not protect children under 
the age of 18 months, who are at greatest risk 
for developing the disease. In a prospective 
randomized trial, 114,000 infants in Finland 
received H. influenzae type b capsular polysac- 
charide-diphtheria toxoid conjugate vaccine. 
Children born on odd-numbered days were 
vaccinated at the ages of 3, 4, 6, and 14 to 18 
months; children born on even-numbered days 
formed the control group and received the same 
vaccine at the age of 24 months. There were 
four cases of verified bacteremic H. influenzae 
type b disease in the group receiving early 
vaccination, as compared to 64 cases in the 
control group receiving late vaccination. No 
serious adverse effects of the vaccine were re- 
ported. This study suggests that a new conju- 
gate vaccine consisting of the capsular polysac- 
charide of H. influenzae type b linked covalently 
to a protein carrier, administered to infants 
beginning at the age of 3 months, is highly 
effective in protecting young children against 
invasive H. influenzae type b infections.— 
Michael A. Kass 


*National Public Health Institute, Mannerheimintie 
166, SF-00300 Helsinki, Finland. 


Quantitative analysis of retinal hemodyna- 
mics using targeted dye delivery. Guran, T., 
Zeimer, R. C.*, Shahidi, M., and Mori, M. T.: 
Invest. Ophthalmol. Vis. Sci. 31:2300, 1990. 


TARGETED DYE DELIVERY, LASER RELEASE, 
RETINAL HEMODYNAMICS 


A new method designed to allow repeated 
mapping of retinal hemodynamics on a macro- 
and microcirculatory level was evaluated in the 
primate eye. The method, called “targeted dye 
delivery,” consists of encapsulating a fluores- 
cent dye in temperature-sensitive liposomes, 
injecting the liposomes systemically, and using 
a light pulse from an argon laser to release a 
bolus of dye in a targeted retinal vessel. The 
follow-up of the well-defined dye front thus 
generated allows calculation of the blood flow 
and capillary transit time. Evaluation of tar- 
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geted dye delivery in a monkey indicated that 
centerline blood velocity and the vessel diame- 
ter can be measured with a reproducibility of 
10% and 4%, respectively, in vessels that are 40 
um and larger. These measurements yielded 
flow values that had a reproducibility of 10% 
on the same day and 13% on different days. The 
normalization of flow rate by the vessel diame- 
ter was consistent with theoretic estimates and 
promises to be a circulation indicator indepen- 
dent of variations between individual and spe- 
cies. The transit time across capillary beds at 
different locations was found to be similar, thus 
indicating that the method could be used to 
evaluate the local viability of the microcircula- 
tion.—Authors’ abstract 


*UIC Eye Center, Applied Physics Laboratory, De- 
partment of Ophthalmology, 1855 W. Taylor St., 
Chicago, IL 60612. 


Synthetic analogues of fumagillin that inhibit 
angiogenesis and suppress tumor growth. 
Ingber, D.*, Fujita, T., Kishimoto, S., Sudo, K., 
Kanamaru, T., Brem, H., and Folkman, J.: Na- 
ture 348:555, 1990. 


NEOVASCULARIZATION, ANGIOGENESIS 
INHIBITORS, FUMAGILLIN 


Neovascularization is critical for the growth 
of tumors and is a dominant feature in a variety 
of angiogenic diseases such as diabetic retinop- 
athy, hemangiomas, arthritis and psoriasis. 
Recognition of the potential therapeutic benefit 
of controlling unabated capillary growth has 
led to a search for safe and effective angiogene- 
sis inhibitors. We report here the synthesis of a 
family of novel inhibitors that are analogues of 
fumagillin, a naturally secreted antibiotic of 
Aspergillus fumigatus fresenius. We first isolat- 
ed this fungus from a contaminated culture of 
capillary endothelial cells. Purified fumagillin 
inhibited endothelial cell proliferation in vitro 
and tumor-induced angiogenesis in vivo; it also 
inhibited tumor growth in mice, but prolonged 
administration was limited because it caused 
severe weight loss. Synthesis of fumagillin ana- 
logues yielded potent angiogenesis inhibitors 
(‘‘angioinhibins’’) which suppress the growth 


of a wide variety of tumors with relatively few 
side-effects.—Authors’ abstract 


*Department of Surgery, The Children’s Hospital, 
Boston, MA 02115. 


Central venous stasis retinopathy following 
the use of tranexamic acid. Snir, M.*, Axer- 
Siegel, R., Buckman, G., and Yassur, Y.: Retina 
10:181, 1990. 


TRANEXAMIC ACID, ANTIFIBRINOLYTIC AGENT, 
VENOUS STASIS RETINOPATHY 


Tranexamic acid is an antifibrinolytic drug 
that is a competitive inhibitor of plasminogen 
activation and a noncompetitive inhibitor of 
plasmin. Its antifibrinolytic action facilitates 
thrombosis formation and protects preexisting 
thrombi. Tranexamic acid has been clinically 
effective in a number of conditions, including 
urinary tract bleeding, gastrointestinal hemor- 
rhage, recurrent epistaxis, and after dental or 
general surgery in patients with hemophilia. 
One of the most frequent indications for the use 
of the drug is in the management of menorrha- 
gia. Two women, 38 and 40 years of age, respec- 
tively, developed blurred vision in one eye after 
treatment with tranexamic acid for menorrha- 
gia. Both patients had taken the drug for ap- 
proximately one week. Neither patient had 
other clinical or laboratory risk factors for 
thrombotic disease. Both patients had central 
retinal venous stasis with disk edema, en- 
gorged veins, cotton-wool spots, and hemor- 
rhages. Fluorescein angiography disclosed de- 
layed venous filling and dilated capillaries as 
well as profuse leakage from the disk and the 
veins. In both cases tranexamic acid therapy 
was stopped, and the patients were treated with 
systemic corticosteroids and dipyridamole, 225 
mg/day. Within ten days there was regression 
of the papilledema, hemorrhages, and exu- 
dates. Both patients eventually recovered 20/ 
20 visual acuity. Tranexamic acid has been 
reported to cause other thrombotic disorders, 
and it appears likely that the drug is causally 
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linked to the venous stasis retinopathy in these 
patients.—Michael A. Kass 


“Department of Ophthalmology, Beilinson Medical 
Center, 49 100 Petah Tikva, Israel. 


Nitric oxide. A novel signal transduction 
mechanism for transcellular communication. 
Ignarro, L. J.*: Hypertension 16:477, 1990. 


NITRIC OXIDE, CYCLIC GUANOSINE 
MONOPHOSPHATE, VASODILATORS, MODULATOR 
OF VASCULAR SMOOTH MUSCLE TONE AND 
PLATELET FUNCTION 


Nitric oxide first captured the interest of biol- 
ogists when this inorganic molecule was found 
to activate cytosolic guanylate cyclase and stim- 
ulate cyclic guanosine monophosphate (GMP) 
formation in mammalian cells. Further studies 
led to the finding that nitric oxide causes vascu- 
lar smooth muscle relaxation and inhibition of 
platelet aggregation by mechanisms involving 
cyclic GMP and that several clinically used 
nitrovasodilators owe their biological actions to 
nitric oxide. Nitric oxide possesses physico- 
chemical and pharmacological properties that 
make it an ideal candidate for a short-term 
regulator or modulator of vascular smooth mus- 
cle tone and platelet function. Nitric oxide is 
synthesized by various mammalian tissues in- 
cluding vascular endothelium, macrophages, 
neutrophils, hepatic Kupffer cells, adrenal tis- 
sue, cerebellum, and other tissues. Nitric oxide 
is synthesized from endogenous L-arginine by 
a nitric oxide synthase system that possesses 
different cofactor requirements in different cell 
types. The nitric oxide formed diffuses out of its 
cells of origin and into nearby target cells, 
where it binds to the heme group of cytosolic 
guanylate cyclase and thereby causes enzyme 
activation. This interaction represents a novel 
and widespread signal transduction mecha- 
nism that links extracellular stimuli to the bio- 
synthesis of cyclic GMP in nearby target cells. 
The small molecular size and lipophilic nature 
of nitric oxide enable communication with 
nearby cells containing cytosolic guanylate cy- 
clase. The extent of transcellular communica- 


tion is limited by the short half-life of nitric 
oxide, thereby ensuring a localized response. 
Labile nitric oxide-generating molecules such 
as S-nitrosothiols may be involved as precur- 
sors or effectors. Further research will provide a 
deeper understanding of the biology of nitric 
oxide and the nature of associated pathophysio- 
logical states.—Author’s abstract 


“Department of Pharmacology, UCLA School of 
Medicine, CHS, Los Angeles, CA 90024. 


Regional myocardial metabolism of high- 
energy phosphates during isometric exercise 
in patients with coronary artery disease. 
Weiss, R. G., Bottomley, P. A.*, Hardy, C. J., 
and Gerstenblith, G.: N. Engl. J. Med. 
323:1593, 1990. 


MYOCARDIAL METABOLISM, EXERCISE TESTING, 
PHOSPHORUS 31 NUCLEAR MAGNETIC 
RESONANCE IMAGING 


The maintenance of cellular levels of high- 
energy phosphates is required for myocardial 
function and preservation. In animals, severe 
myocardial ischemia is characterized by the 
rapid loss of phosphocreatine and a decrease in 
the ratio of phosphocreatine to adenosine tri- 
phosphate. To determine whether ischemic 
metabolic changes are detectable in humans, 
spatially localized phosphorus 31 nuclear mag- 
netic resonance spectra were recorded from the 
anterior myocardium before, during, and after 
isometric hand-grip exercise. The mean ratio of 
phosphocreatine to adenosine triphosphate in 
the left ventricular wall when subjects were at 
rest was 1.72 +0.15 in normal subjects and 1.59 
+ 0.31 in subjects with nonischemic heart dis- 
ease. The ratio did not change during hand-grip 
exercise in either group. In patients with coro- 
nary heart disease and ischemia caused by 
severe stenosis of the left anterior descending 
or left main coronary arteries, however, the 
ratio decreased from 1.45 + 0.31 at rest to 0.91 
+ 0.24 during exercise (P < .001) and recovered 
to 1.27 + 0.38 two minutes after exercise. 
Repeat exercise testing in five patients after 
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revascularization yielded values of 1.60 + 0.20 
at rest and 1.62 + 0.18 during exercise, as 
compared with 1.51 + 0.19 at rest and 1.02 + 
0.26 during exercise before revascularization. 
The decrease in the ratio of phosphocreatine to 
adenosine triphosphate during hand-grip exer- 
cise in patients with myocardial ischemia re- 
flects a transient imbalance between oxygen 
supply and demand in myocardium with com- 


promised blood flow. Exercise testing with 
phosphorus 31 nuclear magnetic resonance im- 
aging is a useful method for assessing the effect 
of ischemia on myocardial metabolism of high- 
energy phosphates and for monitoring the re- 
sponse to treatment.—Michael A. Kass 


*General Electric Research and Development Center, 
P.O. Box 8, Schenectady, NY 12301. 
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Send News Items to 
American Journal of Ophthalmology 
435 N. Michigan Ave., Suite 1415 
Chicago, IL 60611 
The Journal invites readers to submit announcements 
concerning meetings, postgraduate courses, lectures, 
honors, and appointments. Each item must be typed 
double-spaced on bond paper with 12-inch margins. 
Only one news item should be submitted on each page. 
Announcements concerning meetings and courses must 
contain the title, location, dates, sponsors, and address 
required for additional information. Each item must not 
exceed 75 words in length and be prepared in narrative, 
not outline, form. Announcements of meetings and cours- 
es must be received at least four months before the event. 


Centro de Oftalmologia Barraquer: Novel 
Advances in Cataract and Corneal 
Refractive Surgery 


The 50th Anniversary of the Centro de Oftal- 
mologia Barraquer: Novel Advances in Cataract 
and Corneal Refractive Surgery will be held 
Sept. 8 and 9, 1991, in Barcelona, Spain. For 
further information, write Instituto Barraquer, 
Laforja, 88, E-08021 Barcelona, Spain; fax 34- 
3-200-24-69. 


International Symposium of Ophthalmic 
Plastic Surgery 


The International Symposium of Ophthalmic 
Plastic Surgery will hold a meeting, Palpebral, 
Lacrimal, and Orbital Surgery: Problems and 
Complications, June 7 and 8, 1991, in Nice, 
France. For additional information, write P. 
Ritleng, 10 rue du Congres, 06000 Nice, France; 
fax 93-82-32-30. 


Turkish Ophthalmological Society: 
International Summer Symposium 


The Turkish Ophthalmological Society will 
hold its International Summer Symposium, 
Capsular Surgery, June 7 and 8, 1991, in Izmir, 
Turkey. For further information, write Mahmut 
Kaskaloglu, M.D., Talatpasa Blvd., 58/4, 
Alsancak, Izmir, Turkey; fax 90-51-191682. 


Case Western Reserve University School of 
Medicine: Neuro-Ophthalmology 1991 


Case Western Reserve University School of 
Medicine: Neuro-Ophthalmology 1991 will be 
held June 7, 1991, in Cleveland, Ohio. For 
further information, write John Rus, Office of 
Continuing Medical Education, 2109 Adelbert 
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Rd., W-175, Cleveland, OH 44106; telephone 
(216) 368-2409. 


The Cleveland Clinic Foundation: 20th 
Annual Department Symposium on Ocular, 
Adnexal and Orbital Infection and 
Inflammatory Diseases 


The Cleveland Clinic Foundation, 20th An- 
nual Department Symposium on Ocular, Ad- 
nexal and Orbital Infection and Inflammatory 
Diseases, will be held June 14 and 15, 1991. For 
further information, write Rose Mary Fitzger- 
ald, Department of Continuing Education, 
Cleveland Clinic Foundation, P.O. Box 94977, 
Cleveland, OH 44195-5241; telephone (216) 
444-5696 or (800) 762-8173. 


University of Louisville School of Medicine: 
C. Dwight Townes Memorial Seminar 


The University of Louisville School of Medi- 
cine will hold its 19th C. Dwight Townes Me- 
morial Seminar at the University of Louisville 
on May 10 and 11, 1991. The Townes speaker 
will be Norman Jaffe. For further information, 
write Nancy Rodman, 301 E. Muhammad Ali 
Blvd., Louisville, KY 40202; telephone (502) 
588-5466. 


Long Island Jewish Medical Center: A 
Clinical Day in Ophthalmology 


The Long Island Jewish Medical Center 
and North Shore University will sponsor A 
Clinical Day in Ophthalmology—Neuro- 
Ophthalmology Problems: Surgical Solutions, 
May 22, 1991, at the Holiday Inn Crowne Plaza 
(LaGuardia Airport) in East Elmhurst, New 
York. For further information, write Ann J. 
Boehme, Associate Director of Continuing Edu- 
cation, Long Island Jewish Medical Center, 
New Hyde Park, NY 11042; telephone (718) 
470-8650. 


Manhattan Eye, Ear & Throat Hospital: 
Ophthalmology Alumni Symposium 


The Department of Ophthalmology of the 
Manhattan Eye, Ear & Throat Hospital will hold 
its Alumni Symposium at the Waldorf Astoria 
in New York City, May 10 and 11, 1991. For 
further information, write Kimberly Corbin, 
Dept. of Ophthalmology, Manhattan Eye, Ear & 
Throat Hospital, 210 E. 64th St., New York, NY 
10021; telephone (212) 605-3761. 
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Mayo Foundation: Ophthalmic Reviews 


The Mayo Foundation will sponsor Ophthal- 
mic Reviews with emphasis on surgical and 
medical management of the cornea and exter- 
nal disease problems including keratorefractive 
surgery and high-risk cataract extraction, May 
10 and 11, 1991, in Rochester, Minnesota. For 
additional information, write Bonita Walin, 
Postgraduate Courses, Section of Continuing 
Education, Mayo Foundation, Rochester, MN 
55905; telephone (507) 284-2509 or (800) 323- 
2688. 


University of Missouri-Kansas City School 
of Medicine: Didactic Wet Laboratory and 
Excimer Laser Course 


The University of Missouri-Kansas City 
School of Medicine will hold a Didactic Wet 
Laboratory and an Excimer Laser Course with a 
clinical update on retinal laser therapy at the 
Eye Foundation of Kansas City on June 7 and 8, 
1991. For further information, write John W. 
Irvine, M.D., The Eye Foundation of Kansas 
City, 2300 Holmes, Kansas City, MO 64108; 
telephone (816) 881-6150. 


Stanford University Medical Center—1991: 
Updates in Ophthalmology 


The Stanford University Medical Center 
course, 1991: Updates in Ophthalmology, will 
be held June 1, 1991. For additional informa- 
tion, write Continuing Education Programs, 
Dept. of Ophthalmology, A-157, Stanford Uni- 


versity Medical Center, Stanford, CA 94305- 
5308; telephone (415) 725-7269. 


Washington University School of Medicine: 
31st Annual Spring Meeting 


Washington University will hold its 31st An- 
nual Spring Meeting and Eye Alumni Associa- 
tion Meeting, May 10 and 11, 1991. For further 
information, write Kathy Ryan, Washington 
University School of Medicine, Dept. of Oph- 
thalmology, Box 8096, 660 S. Euclid Ave., St. 
Louis, MO 63110; telephone (314) 362-5722. 


University of Washington: 17th Annual 
Resident Alumni Day Symposium 


The University of Washington will sponsor its 
17th Annual Resident Alumni Day Symposium, 
June 1, 1991, in Seattle, Washington. For fur- 
ther information, write Richard P. Mills, M.D., 
Dept. of Ophthalmology, University of Wash- 
ington (RJ-10), Seattle, WA 98195; telephone 
(206) 543-3883. 


American Society of Cataract and 
Refractive Surgery Executive Committee 


The following are members of the American 
Society of Cataract and Refractive Surgery Ex- 
ecutive Committee for 1991: president, Jack M. 
Dodick; president-elect, John D. Hunkeler; im- 
mediate past president, Guy E. Knolle, Jr.; sec- 
retary, Charles D. Kelman; chief financial offi- 
cer, Spencer P. Thornton; program chairman, 
Manus C. Kraff; and ASCRS journal editor, 
Stephen A. Obstbaum. 
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A Population-Based Study of Ocular Abnormalities in 
Premature Children Aged 5 to 10 Years 


Juan E. Gallo, M.D., and Gunnar Lennerstrand, M.D. 


We studied the prevalence of ocular abnor- 
malities in 528 children born prematurely 
(less than 1,501-g birth weight, less than 33 
weeks’ gestational age, or both) in Stockholm 
County from 1976 to 1981. The control group 
consisted of 1,047 randomly selected full-term 
children. Through various searches of the 
ophthalmic records from the period of 1981 to 
1986 of Stockholm County, we found that 134 
of the 528 premature children (25.4%) and 121 
of the 1,047 full-term children (11.5%) had 
needed ophthalmic care for different reasons. 
The prevalence of ocular abnormalities was 
much higher in premature children than in 
full-term children: reduced visual acuity of 
20/33 or worse in the best eye (21 of 528 [4.0%] 
and one of 1,047 [0.1%]); myopia (33 of 528 
[6.3%] and 18 of 1,047 [1.8%]); anisometropia of 
1 diopter or greater (31 of 528 [5.9%] and 15 of 
1,047 [1.5%]); strabismus (52 of 528 [9.9%] and 
22 of 1,047 [2.1%]); and nystagmus (13 of 528 
[2.4%] and one of 1,047 [0.1%]). Children with 
birth weight less than 1,000 g had the highest 
rates of ocular abnormalities. We conclude 
that visual and oculomotor development of 
premature children should be carefully exam- 
ined. 


Advances IN NEONATAL CARE during the last 
two decades have significantly increased the 
number of surviving children with low birth 
weights. Phelps’ reported that the survival rate 
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of infants with a birth weight of less than 1,000 
g increased from 8% in 1950 to approximately 
35% in 1980. Thus, the population of infants 
with low birth weights, who are susceptible to 
retinopathy of prematurity, is considerably 
larger, and several studies have confirmed an 
increase in the incidence of retinopathy of pre- 
maturity.** Important work has been done to 
clarify the natural progression of this disease”® 
as well as the role of retinopathy of prematurity 
in abnormal visual development, which results 
in ametropia and strabismus." Most investiga- 
tors agree that the higher incidence of ocular 
problems in premature children than in full- 
term children is related to the occurrence of 
retinopathy of prematurity. The frequency of 
ocular changes, however, seems to vary be- 
tween investigators, the area of survey, and the 
time of the study.’ A detailed account of the 
incidence and nature of the ocular changes has 
been given by Fledelius” for children born in 
Denmark during the years 1959 to 1961, but 
this was before the era of modern neonatology. 
Recently, Fledelius” reported ocular conditions 
during the first years of life in children born 
between 1982 and 1987. 

We determined the prevalence of ophthalmic 
anomalies in premature children compared 
with full-term children. The study was per- 
formed in a well-defined geographic area 
(Stockholm County) in children born between 
1976 and 1981. The children were examined 
between 1981 and 1987 when they were 5 to 10 
years of age. A preliminary report of some of 
the results has been published." 


Patients and Methods 


Epidemiologic data—All births in Sweden are 
reported to the Board of Health and Welfare. 
Among other things, the birth weight and the 
gestational age of the child are recorded togeth- 
er with information on the date of birth, the sex 
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of the child, and the like. The accuracy of the 
registration has been tested (report 1977-02-10 
of the National Board of Health and Welfare). 
Deviations with regard to date of birth were 
found in 0.3%, to sex in 0.3%, and to weight in 
1.0% of the reports. These numbers refer to the 
same period of time as our study. 

The use of the ten-digit personal identifica- 
tion number in different Swedish registers 
makes it relatively easy to obtain information 
on the patients within the health care system 
and to monitor visits that the patients make to 
different hospitals and private offices. We used 
identification numbers obtained from the regis- 
ter at the Board of Health and Welfare in our 
search for visits of premature children and 
full-term children at the stations for neonatal 
care and ophthalmic care in the Stockholm 
County. 

During the period of our investigation, all 
prematurely born children in Stockholm Coun- 
ty were cared for at five different neonatal units. 
The treatment schemes of the departments 
were similar, at least for the same period of 
time, and advanced from an international 
standpoint. 

Pediatric ophthalmology services are mainly 
provided at three departments in the Stock- 
holm County. All children younger than the 
age of 5 years are referred to these centers with 
few exceptions. Older children were sometimes 
referred to a limited number of private ophthal- 
mologists in Stockholm. With this knowledge 
of the system for pediatric ophthalmic care it 
was fairly easy to obtain complete information 
on the groups of children that we were interest- 
ed in. 

Between 1976 and 1981, premature children 
were not examined regularly by ophthalmolo- 
gists in the neonatal wards, and there were no 
particular arrangements for subsequent oph- 
thalmic examinations of these children. They 
were included in the general health care system 
for children, however, which implies that the 
child was examined regularly at the Health 
Care Centers for Children and referred for 
ophthalmic examination when needed. The 
children were screened for reduced visual acu- 
ity in each eye at the age of 3% to 4 years and 
often also at 5 years. Those who were below the 
accepted limits of visual acuity were referred 
for ophthalmic examination. The limits were 
20/30 at 4 years and 20/25 at 5 years. The rate 
of participation in these screening procedures 
has been between 95% and 98% of the popula- 
tion. As a result, few new cases of visual 
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impairment are discovered at visual acuity test- 
ing during first grade in school at 7 years of age 
when the screening at 3⁄2 to 4 years is done 
correctly.” At age 7 years monocular visual 
acuity should be 20/20. Most of the early ocular 
problems of children should therefore have 
been discovered and treated by the age of 5 
years. 

The system of health care for premature chil- 
dren and for full-term children in Stockholm 
County, with regard to pediatric and ophthal- 
mic services, provides favorable opportunities 
for retrospective studies. The possibility of re- 
trieving ophthalmic data for the population of 
preterm and full-term children obtained from 
the birth registers of the Board of Health and 
Welfare is good and probably hard to match 
elsewhere, except perhaps in the other Scandi- 
navian countries. 

Patient populations—From the birth registers 
of the Swedish National Board of Health and 
Welfare, all preterm children born in Stock- 
holm County from Jan. 1, 1976, to Dec. 31, 
1981, (a six-year period) were selected for the 
study if they had a birth weight less than 1,501 
g, a gestational age less than 33 weeks, or both. 
Gestational age was determined according to 
the Dubowitz method.” Our criteria for prema- 
turity in this study included birth weight and 
gestational age since we wanted to reduce the 
number of children who had been described 
with an incorrect value in any of the variables. 
In recent studies, the most common single crite- 
rion has been birth weight of 1,500 g or less.*° 
The mean birth weight of Swedish premature 
children at 32 weeks’ gestation, however, is 
1,750 g. The limit of 1,500 g would have elimi- 
nated many premature children from our study. 
Nonetheless, premature children with a birth 
weight of 2,000 g or greater were excluded from 
the study. 

The premature population consisted of 528 
children, not including those who had died or 
moved from the area. The distribution with 
regard to birth weight and other details of the 
premature population is shown in Table 1. The 
control group of 1,047 children was also ob- 
tained from the birth registers of Stockholm 
County. It consisted of full-term children with 
a birth weight of 3,000 to 4,000 g and born on 
Jan. 15, March 15, May 15, July 15, Sept. 15, 
and Nov. 15 in the same period (1976 to 1981). 

By means of listings of the ten-digit personal 
identification numbers of the two groups, 
searches were made directly at the departments 
of ophthalmology and other sources in Stock- 
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holm County as well as over the Stockholm 
County computer system. The investigation in- 
cluded patients who underwent ophthalmic 
care between 1981 and 1986 at the age of 5 to 10 
years. One hundred thirty-four premature chil- 
dren and 121 full-term children had been seen 
by ophthalmologists and orthoptists for differ- 
ent reasons (Table 1). The charts of these chil- 
dren were analyzed with regard to several oph- 
thalmic variables. The study was approved by 
the Ethical Committee of the Karolinska Insti- 
tute, Stockholm, Sweden. 

Ophthalmic examination—Every child under- 
went a standard examination of visual function 
and ocular motility. If the patient had been 
examined repeatedly, data from the most recent 
report were used. 

Best-corrected visual acuity was determined 
with Snellen charts adapted to the age of the 
child. In the 5- to 6-year-old age group the 
lower limit of normal visual acuity was set at 
20/25 and in the 7- to 10-year-old age group 
the lower limit was 20/20. Cycloplegic refrac- 
tion was performed after topical instillation of 
atropine 1% (twice a day for 3% days for a total 
of seven times) or a single instillation of a 
mixture of cyclopentolate hydrochloride 1% 
and phenylephrine hydrochloride 1.5%.” As a 
measure of static refraction, the value was used 
with which the patient attained the best visual 
acuity. Spherical equivalents were calculated in 
patients with astigmatic refractive errors. Visu- 
al acuity was recorded in the better and the 
worse eye to evaluate the grade of visual handi- 
cap in each patient (Table 2). Amblyopia was 
considered to be present if there was a differ- 
ence between the two eyes of more than two 
lines in visual acuity together with the presence 


of strabismus or anisometropia. Blindness was 
defined as visual acuity of less than 20/600 in 
the better eye. 

The ocular motility examination included de- 
termination of versions, near point of conver- 
gence, and cover/uncover tests at near and 
distance fixation. Some patients with phorias 
were also examined with dissociation tests: the 
Maddox cross at 5 meters and the Maddox wing 
test for near fixation.” 

Ocular deviations were determined with the 
prism cover test when the patient was wearing 
appropriate correction for refractive errors. 
Strabismus was defined as manifest or intermit- 
tent heterotropia, and in patients with a devia- 
tion of less than 10 prism diopters it was classi- 
fied as microtropia. Fusion and stereopsis were 
tested with the Bagolini glasses and the Titmus 
test, respectively. 

Results obtained at the last ophthalmic exam- 
ination of each child were used. The age of each 
child was recorded in months from birth. The 
children were divided into three groups with 
regard to age for statistical purposes: 5 to 6 
years, 7 to 8 years, and 9 to 10 years. 

Prevalence was defined as the rate of known 
cases present in a defined population at a given 
time.” Comparisons between groups have been 
made with the chi-square test. P values less 
than .05 were considered significant. 


Results 


Ophthalmic care—The percentage of preterm 
children examined by ophthalmologists was 


DISTRIBUTION ACCORDING TO BIRTH WEIGHT OF PREMATURE AND FULL-TERM CHILDREN 


TABLE 1 


1,000 g 1,000-1,500 g 
No. of births 148 443 
Survivors 48 311 
Rate of survival 32.4% 70.2% 
No. moved away 5 37 
No. available 43 274 
No. of ophthalmic patients 19 79 
Rate of ophthalmic care 44.1% 28.8% 


*Only patients younger than 33 weeks’ gestational age. 


PREMATURE FULL-TERM 
CHILDREN CHILDREN 

1,501-1,999 g* TOTAL 3,000-4,000 g 

274 865 1,228 

242 601 1,224 

88.3% 69.5% 99.7% 

31 73 177 

211 528 1,047 

36 134 121 

17.0% 25.4% 11.5% 
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TABLE 2 
VISUAL ACUITY AND REFRACTIVE ERRORS 


PREMATURE FULL-TERM 
CHILDREN CHILDREN 
(N = 528) (N = 1,047) 
NO. % NO. % 
Visual acuity 
Blind 2 (0.4) — 
<20/66, worse eye 10 (1.9) 2 (0.2) 
<20/66, better eye 6 (1.1) — 
=20/33, worse eye 38 (7.2) 6 (0.6) 
=20/33, better eye 21 (4.0) 1 (0.1) 
Myopia 33 (6.3) 18 (1.8) 
Unilateral 14 (2.7) 6 (0.6) 
Bilateral 19 (3.6) 12 (1.2) 
Anisometropia (diopters) 31 (5.9) 18 (1.5) 
1-1.75D 15 (2.8) 10 (1.0) 
2-3.9 D 12 (2.3) 3 (0.3) 
=4D 4 (0.8) 2 (0.2) 


2.2 times higher than that of full-term children 
(Table 1). Referrals for ophthalmic examination 
were most common in the children with the 
lowest birth weights (less than 1,000 g). 

Age at ophthalmic examination—The mean 
age of the preterm children was 84.9 months 
(standard deviation, + 17.2) with a range of 60 
to 131 months. The mean age of the full-term 
children was 92.4 months (standard deviation, 
+ 15.9) with a range of 62 to 131 months (Table 
3). 

The number of ophthalmic examinations in 


age-specific groups of the premature popula- 
tion including the last examination were as 
follows: in the 5- to 6-year-old group, 533 
examinations (mean, 7.5; standard deviation, 
6.1); in the 7- to 8-year-old group, 361 exami- 
nations (mean, 8.2; standard deviation, 5.7); 
and in the 9- to 10-year-old group, 274 exami- 
nations (mean, 16.1; standard deviation, 14.2). 
The numbers included the examinations per- 
formed before the age of 5 years in the group of 
patients with extremely poor vision. 

Visual acuity—Six preterm children had re- 
duced visual acuity of 20/66 in the best eye, 
and two of these were blind as the result of 
retinopathy of prematurity (Table 2). In the 
remaining four children, retinopathy of prema- 
turity was found in three patients and bilateral 
optic atrophy in one patient. Ten preterm chil- 
dren had a similar visual acuity in the worse 
eye. Two of the full-term children had visual 
acuity of 20/66 in one eye caused by either 
ocular trauma or anisometropic amblyopia be- 
cause of high refractive error. Visual acuity of 
20/33 in the better eye was found in 21 preterm 
children and in one full-term child. The differ- 
ence between groups in occurrence of visual 
acuity reduction in the better eye was statisti- 
cally significant (chi-square, 38.17; P < .001). 
Visual acuity of 20/33 in the worse eye was 
noted in 40 preterm and six full-term children. 
This difference was also statistically significant 
(chi-square, 60.3; P < .001). 

Amblyopia—Organic or functional amblyopia 
was seen in 16 premature (3%) and three 


TABLE 3 
OCULAR ABNORMALITIES IN PREMATURE AND FULL-TERM CHILDREN ACCORDING TO AGE AT LAST EXAMINATION 


5-6 YEARS 7-8 YEARS 9-10 YEARS TOTAL 
PREMATURE FULL TERM PREMATURE FULL TERM PREMATURE FULL TERM PREMATURE FULL TERM 
i> es ai it. he a eee ie a kueees 
NO. % NO. % NO. % NO. % NO. % NO. % NO. % NO. % 
Visual acuity 
=20/66, better eye 6 (8.7) — — — — — 6 (4.5) — 
<20/66, worse eye 6 (8.7) -- 2 (4.3) 1 (1.6) 2 (10.5) 1 (4) 10 (7.5) 2 (1.6) 
=20/33, better eye 14 (20.3) -— 6 (13) 1 (1.6) 1 (5.3) — 21 (15.7) 1 (0.8) 
=20/33, worse eye 22 (31.9) — 12 (26.1) 3 (4.7) 4 (21) 1 (4) 38 (28.3) 4 (3.3) 
Anisometropia (diopters) 
1-1.75D 8 (11.6) 1 (3.1) 6 (13) 4 (6.2) 1 (5.3) 5 (20) 158 (142) 10 (8.3) 
2-3.9 D 9 (13) — 1 (2.8) 3 (4.7) 2 (10.6) — 12 (8.9) 3 (2.5) 
=4D 1 (1.4) — 3 (6.6) — — 2 (8) 4 (3) 2 (1.6) 
Myopia (diopters) 
<3D 11 (15.9) 4 (12.5) Tilo.) 10 (11) 3 (15.8) 3 (12) 21 (15.7) 17 (14) 
>3D 6 (8.7) — 4 (8.7) 1 (2.5) 2 (10.6) — 12 (8.9) 1 (0.8) 
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full-term children (0.3%). The difference was 
statistically significant (P < .001). Among the 
possible causes of functional amblyopia in pre- 
mature children, strabismus was found in 15 
patients and anisometropia in eight. Causes for 
organic amblyopia were congenital glaucoma in 
one patient, vitreoretinal scarring caused by 
retinopathy of prematurity in four patients, and 
minimal signs of regressed retinopathy of pre- 
maturity (pigmentary changes, latticelike de- 
generation, and vitreoretinal interphase chang- 
es) in seven patients. 

Refractive errors—A total of 33 of 528 (6.3%) 
preterm and 18 of 1,047 (1.8%) full-term chil- 
dren had myopic refractive errors (0.25 diopters 
or greater) in one or both eyes (Table 2). The 
difference between full-term children and pre- 
mature children was statistically significant (P 
< .001). Myopia of greater than 3.00 diopters 
was seen in 12 (8.9%) premature children but 
only in one (0.8%) of the full-term children 
(Table 3). 

The frequency of anisometropia, defined as a 
difference between eyes of 1 diopter or more in 
spherical equivalents, was higher in preterm 
(31 of 528 [5.9%]) than in full-term children (17 
of 1,047 [1.6%]). This difference was also statis- 
tically significant (P < .001) (Table 2). 

Ocular motility disorders—Strabismus was 
seen 4.7 times more often in preterm children 
than in full-term children (P < .001), with 
esotropia being the most common type in both 
groups (Table 4). Vertical deviations were often 
seen in addition to the horizontal strabismus. 
The time at which strabismus had started could 
not be evaluated in all cases. Binocular function 
measured with the Bagolini striated glasses was 
seen in some of the children with manifest 
strabismus, which explains why the number of 
patients with absence of binocularity was fewer 
than that with strabismus (Table 4). 

Among preterm children, spontaneous nys- 
tagmus (horizontal and end-point) was seen 
more often than latent nystagmus (Table 4). 
Among full-term children only one case of 
latent nystagmus was observed, in a child with 
esotropia. The difference between preterm chil- 
dren and full-term children was statistically 
significant (P < .001). 

Visual acuity and refractive errors in relation to 
age at follow-up examination—The percentage 
of premature children with visual acuity of 
20/33 in the better eye was higher in the 5- to 
6-year-old age group than in the other groups. 
However, six children with severe visual handi- 
cap (two blind, two with visual acuity of 20/ 


TABLE 4 
OCULAR MOTILITY DISORDERS 





PREMATURE FULL-TERM 
CHILDREN CHILDREN 
NO. % NO. % 
Strabismus 52 (9.9) 22 (2.1) 
Esotropia 24 (4.6) 8 (0.9) 
Exotropia 13 (2.5) 6 (0.6) 
Microtropia* 15 (2.8) 7 (0.7) 
Brown’s syndrome — 1 (0.1) 
Nystagmus 13 (2.4) 1 (0.1) 
Horizontal 6 (1.1) — 
End-point 2 (0.4) — 
Latent 5 (0.9) 1 (0.1) 
Abscence of binocularity 23 (4.3) 6 (0.6) 





*Less than 10 diopters of deviation. 


200, and two with visual acuity of 20/66), who 
had fundus anomalies were included in that 
group. Not taking into account these children 
in whom the age of examination could not be 
considered as a contributing factor, visual acu- 
ity of 20/33 in the better eye was seen in eight 
of 69 children (11.6%) and was similar to that 
found in the 7- to 8-year-old group. In the 
full-term group, no children in the 5- to 6-year- 
old age group had reduced visual acuity of this 
level. With respect to occurrence of mild and 
severe myopia, the distribution was the same in 
all age groups of preterm and full-term chil- 
dren, respectively. 

Ocular findings in infants of very low birth 
weight—Ocular abnormalities were compared 
in groups of children with a birth weight of less 
than 1,000 g and 1,000 to 1,500 g (Table 5). The 
difference was statistically significant with re- 
gard to reduced visual acuity of 20/66, strabis- 
mus, and absence of binocularity. 


Discussion 


We found a much higher percentage of refrac- 
tive errors, visual acuity reduction, and ocular 
motility disorders among the premature chil- 
dren than in the full-term children. The data on 
ocular changes were extracted from the records 
of pediatric ophthalmologists located in the 
area. The results seem unaffected by socioeco- 
nomic and geographic differences, insofar as 
the selection of the groups is concerned. It is 


TABLE 5 
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OCULAR ABNORMALITIES IN PREMATURE CHILDREN 
WITH BIRTH WEIGHT <1,000 G AND 1,000 TO 1,500 G 


<1,000 G 1,000-1,500 G 
(N = 43) (N = 274) 
NO. % NO. % P VALUE 
Visual acuity 
Blind — 2 (0.7) — 
<20/66, worse eye 4 (9.3) 5 (1.8) <.025 
<20/66, better eye 3 (6.9) 1 (0.4) <.005 
<20/33, worse eye 7 (16.3) 25 (9.1) — 
=20/33, better eye 5 (11.6) 15 (5.5) — 
Myopia 5 (11.6) 22 (8.0) — 

” Anisometropia 5 (11.6) 15 (5.5) — 
Strabismus 9 (20.9) 26 (9.5) <.05 
Nystagmus 4 (9.3) 9 (3.3) -— 
Absence of binocularity 6 (13.9) 10 (3.6) <.025 


possible that socioeconomic factors were rele- 
vant for prematurity per se. Also the chances of 
not being able to monitor the children with 
respect to ophthalmic care would be the same in 
both groups. 

We do not know to what extent ocular abnor- 
malities would have been found in the groups 
of premature children and full-term children 
who did not have ophthalmic examinations. 
The risk of having missed patients with serious 
ocular aberrations, however, seems slight. 
Nevertheless, it is clear that incidence values of 
ocular abnormalities in children born prema- 
turely in Stockholm between 1976 and 1981 
cannot be reported, but we believe that the 
calculations of prevalence values are fairly cor- 
rect. 

The ophthalmic data in our study were ob- 
tained by different pediatric ophthalmologists 
in Stockholm when the children were between 
5 and 10 years of age and were not the result of 
an examination by the same investigator at a 
specific age (about 10 years) as in the study by 
Fledelius.” The programs for diagnosis and 
treatment of refractive errors and strabismus, 
however, were uniform at all the departments 
during the period of the study. Additionally, 
most of the children in the premature group 
were reexamined ophthalmoscopically by one 
of us (J.E.G.), and the results will be reported 
separately. 

In populations of Danish children born pre- 
maturely or at full term, aged 8 to 11 years at 
the time of examination, Fledelius” found bin- 
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ocular visual acuity (20/33 or worse) in 10.2% 
of the premature children and in 3.0% of the 
full-term children. We found lower rates of 
visual acuity changes in premature children (21 
of 528 [4.0%]) and also lower values in the 
full-term group (one of 1,047 [0.1%]). This may 
reflect improved ophthalmic care for children 
during the period from the early 1960s, when 
the children in the study of Fledelius” were 
born, to the end of the 1970s, the period of our 
study. 

The rate of blindness in our study was low in 
comparison to the rate in other investigations 
(Table 6). Differences in prevalence values are 
probably because of improvements in neonatal 
care as well as selection of the population to be 
studied. Valentine and associates,” however, 
pointed out that the rate of blindness caused by 
retinopathy of prematurity may be increasing 
because of the increased survival of infants 
with low birth weight.” 

The high incidence of myopia detected in 
preterm children before they enter school is 
well known,”**' and the role of retinopathy of 
prematurity in this anomaly has been report- 
ed.®™1338 A direct comparison between children 
at school age, born prematurely, or at full term 
was carried out by Fledelius.” He reported that 
80 of 600 eyes (13.3%) in 300 premature chil- 
dren had myopic refractive errors and that 44 of 
474 eyes (9.3%) in 237 control children had this 
refractive error. The findings of our study show 
a lower rate of myopia for both preterm and 
full-term children, and the difference between 
the two groups is larger. To some extent this 
may be because the children in our study were 
younger (5 to 10 years) than those in Fledelius’s 
study (10 to 12 years), and that myopia detected 
at school ages is not as frequent in either group. 

The rate of anisometropia in the premature 
group was about the same as in the study of 
Fledelius,” but we cannot confirm the high 
incidence in full-term children reported there. 

The prevalence of strabismus in the full-term 
population was similar to what was found pre- 
viously in Sweden.” The frequencies of esotro- 
pia, microtropia, and exotropia had a similar 
pattern of distribution among preterm and full- 
term children, with esotropia being the most 
common type of strabismus in both groups, 
followed by microtropia and exotropia. 

Fledelius” reported an incidence of strabis- 
mus at 22.5% and 5.9%, respectively, in his 
study of premature and full-term children 
when they were 10 years of age (68 of 302 
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premature children and 14 of 237 control chil- 
dren). Our results show a lower rate, but the 
ratio between the two groups is similar. The 
study of Fledelius” was performed on children 
born between 1959 and 1961, and it is possible 
that a more restrictive attitude toward applying 
oxygen therapy to neonates prevailed at that 
time.’ This might have increased the risk for 
hypoxic brain lesions in the premature chil- 
dren” and subsequently the incidence of stra- 
bismus, which is known to be high in children 
with general brain damage.” However, the 
prevalence of strabismus in full-term children 
was also high in the study of Fledelius,” and 
this cannot be explained in the same way. An 
Australian survey” showed that 19% of the 
preterm children were affected with strabismus. 
This study was carried out in one single hospi- 
tal, which can lead to higher values compared 
with studies carried out on the population in a 
specific area. Reports from other populations 
show prevalence values of strabismus similar to 
ours." 

Kushner’ reported a higher incidence of stra- 
bismus in premature children with and without 
retinopathy of prematurity (13 of 38 [34%] and 
five of 38 [13%]) than in full-term children (one 
of 38 [2.5%]). We did not evaluate the occur- 
rence of acute retinopathy of prematurity since 
no examination of the preterm children had 
been performed regularly in the neonatal peri- 
od. Information on late fundus changes, how- 
ever, available from a follow-up examination of 
the premature children confirmed Kushner’s 
findings. From these results it seems reasonable 
to assume that prematurity per se and its influ- 
ence on brain development can affect the nor- 
mal development of ocular motility and binocu- 
lar functions. How this occurs is unclear. It is 
known that premature infants are more suscep- 
tible to intracerebral hemorrhages,” which 
could be a contributing factor in the develop- 
ment of strabismus.” There are several other 
factors during the neonatal period that can 
affect the function of the central nervous sys- 
tem and, as a consequence, induce ocular motil- 
ity disorders. Among those are hypoxia,” 
kernicterus (hyperbilirubinemia),"" oxygen 
therapy in excess,” and possibly hypernatre- 
mia, which may produce edema of the brain.” 

The most important factor for the differences 
between our results and those of other re- 
searchers is probably that previous studies were 
not population based and had other criteria for 
selection of patient and control groups than 
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ours. Studies on a population within a specific 
geographic area are likely to give lower preva- 
lence values than those obtained at centers with 
a referral-based population (Table 6).°'°""" 
All variables analyzed in this study (visual 
acuity, amblyopia, myopia, anisometropia, 
strabismus, nystagmus, absence of binoculari- 
ty) disclosed a higher prevalence of ocular dis- 
turbances in preterm than in full-term children. 
The age at which the children were last exam- 
ined and at which the ophthalmic data were 
recorded was about six months higher in full- 
term children than in preterm children. The 
difference probably reflects variations in refer- 
ral criteria between the preterm and full-term 
children, in that suspected eye-related prob- 
lems in full-term children are more prone to 
appear during school years. In preterm chil- 
dren, ocular abnormalities are more often de- 
tected earlier at the visual screening at 3% to 4 
years of age or at other visits to the health care 
centers for preschool children. Age at examina- 
tion, however, did not account for the differenc- 
es between groups with regard to visual acuity 
reduction, since these visual acuity levels were 
set below the age norm even for the youngest 
children examined, and there were no 5- to 
6-year-old full-term children who had reduced 
visual acuity. The occurrence of mild myopia 
was equally distributed between age groups in 


TABLE 6 
PREVALENCE OF BLINDNESS CAUSED BY 
RETINOPATHY OF PREMATURITY 


NO. AT RATE OF 


STUDY YEARS CRITERIA* RISK BLINDNESS 
Alberman, 1970, 1971-1973 | 347 1.4% 
Benson, and 
Evans"? 
Gunn and 1975-1976 | 80 2.5% 
associates’ 
Fledelius’ 1982-1987 | 124 4% 
Kalina and 1960-1980 | 1,051 0.5% 
Karr“ 
Phelps“ — | — 1.8%-4% 
Darlow® 1986 | 337 2% 
Present 1976-1981 II 528 0.4% 
study 
Present 1976-1981 | 317 0.6% 
study 


*| indicates birth weight of less than 1,500 g; II indicates birth 
weight of less than 1,501 g, gestational age of younger than 33 
weeks, or both. 
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preterm and normal children, respectively. This 
means that differences in prevalence of myopia 
that were found would not be influenced by age 
factors. The number of referrals of children to 
ophthalmologists from preschool health care 
centers (up to the age of 7 years) and schools 
(from the age of 7 years) is high also in the 
full-term group. In addition to documented or 
suspected reduced vision and binocular prob- 
lems, the full-term children were referred for 
reading difficulties, headache, and other pre- 
sumed visual and oculomotor problems. This 
would explain why relatively few full-term chil- 
dren were found to have ocular abnormalities 
and refractive errors. 

Phelps“ reported that premature children 
with a birth weight below 1,000 g had the 
highest rate of ophthalmic problems. There are 
clear differences also between the children with 
birth weight of 1,000 to 1,500 g and the full- 
term children. This implies that premature chil- 
dren constitute a definite risk group not only 
with regard to ocular disease during the acute 
phase of prematurity but also with regard to 
later ocular complications and deviations in 
visual development. 
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Upshoot-Downshoot Phenomenon of Duane’s Retraction 
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Jeffrey N. Bloom, M.D., E. Richard Graviss, M.D., and Pierre G. Mardelli, B.S. 


Patients with Duane’s retraction syndrome 
may have an associated upshoot or downshoot 
of the involved eye in adduction. This vertical 
movement has been attributed to the lateral 
rectus muscle slipping over or under the globe 
and acting as an elevator or depressor, respec- 
tively (“bridle-effect’’). We used magnetic res- 
onance imaging to investigate this phenome- 
non in two patients, one with an overshoot 
and the other with an undershoot. Minimal 
vertical displacement of the lateral rectus 
muscle in relation to the orbit was noted both 
on upshoot and downshoot. The bridle-effect 
theory must be modified to account for this 
finding. 


Duane’s RETRACTION SYNDROME is a congenital 
disorder of ocular motility characterized by an 
anomalous innervation of the lateral rectus 
muscle of the affected eye. It may be divided 
into three types based upon clinical and elec- 
tromyographic findings.' Type I is the most 
frequent. Patients with this subtype have a 
marked limitation of abduction, with normal or 
slightly decreased adduction. Type II is charac- 
terized by diminished adduction and normal or 
mildly limited abduction. Patients with Type III 
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have both poor adduction and abduction of the 
affected eye. Each of these subgroups of 
Duane’s retraction syndrome manifest a globe 
retraction on attempted adduction, produced 
by the cocontraction of the medial and lateral 
recti muscles of the involved eye.” 

An upshoot or downshoot of the affected eye 
as it adducts has been noted in some patients of 
all three Duane’s retraction syndrome catego- 
ries.” It has been suggested that this abnormal- 
ity is the result of a “bridle” or “leash” phe- 
nomenon produced by a tight lateral rectus 
muscle that slips over or under the globe and 
produces an anomalous vertical movement of 
the eye.’ Various surgical procedures based 
upon this theory have been designed to correct 
this disfiguring complication of Duane’s retrac- 
tion syndrome.*"* 

To understand better the upshoot-downshoot 
phenomenon, we used magnetic resonance im- 
aging to examine the relative positions of the 
horizontal recti muscles and the globes of two 
patients with Duane’s retraction syndrome 
with these abnormalities. 





Patients and Methods 





Case 1 

A 25-year-old man with visual acuity of 20/ 
20 in each eye was orthophoric in primary gaze 
(Fig. 1). The left eye, however, could be abduct- 
ed only 5 degrees past the midline. A widening 
of the palpebral fissure of this eye was noted on 
attempted abduction, whereas a narrowing of 
the fissure and retraction of the globe occurred 
with attempted adduction. Additionally, a 
marked upshoot of the left eye was noted on 
attempted adduction. Duane’s retraction syn- 
drome Type III was diagnosed. An incidental 
finding was long-standing blepharoptosis and 
miosis of the non-Duane’s retraction syndrome 
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Fig. 1 (Bloom, Graviss, and Mardelli). Case 1. Top, 
Patient is orthophoric in primary gaze. Middle, On 
left gaze, the left eye can abduct only approximately 
5 degrees. There is an associated widening of the 
palpebral fissure of this eye. Bottom, On attempted 
adduction, there is a narrowing of the eyelid fissure, 
retraction of the globe, and an upshoot of the eye. 


right eye, which suggested a possible congeni- 
tal Horner’s syndrome. Heterochromia was dif- 
ficult to assess because of the light color of the 
irides. No other neurologic abnormalities were 
noted. 


Case 2 

A 34-year-old woman with visual acuity of 
20/20 in each eye had a left exotropia of 15 
prism diopters and a left hypotropia of 5 prism 
diopters in primary gaze (Fig. 2). A 5-degree 
head turn to the right was also noted. There was 
mild limitation of abduction of the left eye. 
Marked limitation of adduction of this eye, in 
association with globe retraction and eyelid 
fissure narrowing, was observed. A downshoot 
of the left eye accompanied adduction. Duane’s 
retraction syndrome Type II was diagnosed.’ 


Each patient was scanned on a 0.4-T magnet- 
ic resonance imager, using a quadrature head 
coil to evaluate the orbit. T,-weighted images 
were obtained with scanning sequences maxi- 
mized for image quality and short scanning 
times. The orbit was localized with an axial 
scan, followed by a series of off-axis coronal 
scans aligned perpendicular to the central axis 
of the orbit. Serial 5-mm contiguous images 
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Fig. 2 (Bloom, Graviss, and Mardelli). Case 2. Top, 
Patient has a left exotropia of 15 prism diopters and a 
left hypotropia of 5 prism diopters in primary gaze. 
Middle, Mild limitation of abduction of the left eye is 
noted in left gaze. Bottom, Downshoot of the left eye 
occurs on attempted adduction. The limited adduc- 
tion is accompanied by globe retraction and eyelid 
fissure narrowing. 


were obtained for each eye in primary gaze, as 
well as horizontal and vertical gazes. The natu- 
ral contrast between the globe, extraocular 
muscles, and retrobulbar fat allowed for direct 
visualization of the extraocular muscles. Writ- 
ten consent was obtained from each patient 
before this study. 





Results 





To visualize the relative movements of the 
muscles, line drawings were made from the 
scans in primary gaze for each eye, adduction 
for the abnormal eye, and either upgaze or 
downgaze for the fellow normal eye. Magnetic 
resonance images were obtained for each eye at 
corresponding positions through the globe and 
through the retrobulbar muscle cone. Anterior 
sections were selected as close as possible to 
the point of tangency of the horizontal recti 
muscles on the eye in order to visualize the 
muscle movement over the surface of the 
globe.’ Superimpositions of the drawings for 
primary gaze and for adduction of the affected 
eye were constructed, as well as superimposi- 
tions of primary gaze and vertical gaze of the 
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Fig. 3 (Bloom, Graviss, and Mardelli). Case 1. Top 
left, Coronal image through the normal right eye in 
primary gaze. Top right, Same eye in upgaze. Bottom 
left, Superimposition of primary gaze (solid line) and 
upgaze (dotted line). 


unaffected eye, to evaluate the displacement of 
the muscles after movement of the globe. A 
similar method was used by Simonsz and asso- 
ciates."” 

The most obvious indication on a magnetic 
resonance image scan of a vertical displace- 
ment in the gaze position of an eye is the 
change in the position of the optic nerve.!! The 
nerve moves in a vertical direction opposite to 
that of the globe. For the patient in Case 1 (Figs. 
3 through 6), a downward shift of the optic 
nerve was noted in the scans of upgaze of the 
normal eye (Fig. 4) and upshoot on adduction of 
the abnormal eye (Fig. 6). In neither eye, how- 
ever, was there more than a 1- to 2-mm dis- 
placement in the vertical position of the lateral 
recti muscles. The findings in Case 2 demon- 
strate the expected upward shift of the optic 
nerve on downward movement in each eye, but 
no measurable change in the position of the 
lateral rectus muscle of the normal eye, and 
only approximately 1 mm of vertical displace- 
ment of this muscle in the abnormal eye (Figs. 7 
through 10). In neither patient did the lateral 
rectus muscle, relative to the fixed position of 
the orbit, move over the top or under the bot- 
tom of the affected globe. 
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Fig. 4 (Bloom, Graviss, and Mardelli). Case 1. Top 
left, Coronal image through the muscle cone of the 
normal right eye in primary gaze. Top right, Same eye 
in upgaze. Bottom left, Superimposition of primary 
gaze (solid line) and upgaze (dotted line). 





Discussion 





The explanation for the upshoot-downshoot 
phenomenon of Duane’s retraction syndrome is 
unsettled and controversial. Duane” attributed 
it to the “spasmodic action of the inferior or 
superior oblique, probably often combined 
with spasm of the superior or inferior rectus.” 
Currently, the proposed origins for these anom- 
alous vertical movements are usually classified 
as either innervational or mechanical. 

An electromyographic study by Scott and 
Wong” demonstrated that elevation in adduc- 
tion was accompanied by innervation activity 
of the superior rectus muscle, with or without 
simultaneous inferior oblique muscle activity. 
They cited a written communication describing 
a patient in whom a free tenotomy of the 
superior rectus muscle and a counterbalancing 
free tenotomy of the inferior rectus muscle 
reduced both the elevation on adduction and 
the retraction of the affected globe. Parks and 
Eisenbaum‘’ and Kraft’ used vertical muscle sur- 
gery to treat the upshoot, but in all cases the 
procedures were combined with either a reces- 
sion or posterior fixation suture of the lateral 
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Fig. 5 (Bloom, Graviss, and Mardelli). Case 1. Top 
left, Coronal image through the abnormal left eye in 
primary gaze. Top right, Same eye in upshoot on 
attempted adduction. Bottom left, Superimposition 
of primary gaze (solid line) and upshoot (dotted 
line). 


Fig. 6 (Bloom, Graviss, and Mardelli). Case 1. Top 
left, Coronal image through the muscle cone of the 
abnormal left eye in primary gaze. Top right, Same 
eye in upshoot. Bottom left, Superimposition of pri- 
mary gaze (solid line) and upshoot (dotted line). 








Fig. 7 (Bloom, Graviss, and Mardelli). Case 2. Top 
left, Coronal image through the normal right eye in 
primary gaze. Top right, Same eye in downgaze. 
Bottom left, Superimposition of primary gaze (solid 
line) and downgaze (dotted line). 





Fig. 8 (Bloom, Graviss, and Mardelli). Case 2. Top 
left, Coronal image through the muscle cone of the 
normal right eye in primary gaze. Top right, Same eye 
in downgaze. Bottom left, Superimposition of pri- 
mary gaze (solid line) and downgaze (dotted line). 
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Fig. 9 (Bloom, Graviss, and Mardelli). Case 2. Top 
left, Coronal image through the abnormal left eye in 
primary gaze. Top right, Same eye in downshoot. 
Bottom left, Superimposition of primary gaze (solid 
line) and downshoot (dotted line). 


rectus muscle. Von Noorden and Murray" 
reported an inability to improve the upshoot- 
downshoot movements with inferior or superi- 
or oblique muscle weakening procedures, com- 
bined with or followed by posterior fixation of 
the superior rectus muscle. 

The mechanical theory of the upshoot-down- 
shoot phenomenon attributes these movements 
to a tight lateral rectus muscle that slips over 
or under the globe and acts as an elevator or 
depressor of the eye.®"!® This “bridle” or 
“leash” effect is produced by the cocontraction 
of the horizontal recti muscles on attempted 
adduction. Magoon and associates!’ demon- 
strated the involvement of the lateral rectus 
muscle by reducing the overshoot of a patient 
with Duane’s retraction syndrome after the 
injection of this muscle with lidocaine. Jam- 
polsky** reported the elimination of the over- 
shoot of a patient with Duane’s retraction syn- 
drome by the detachment of the lateral rectus 
muscle, under topical anesthesia. Several dif- 
ferent surgical techniques predicated upon the 
bridle effect theory have been used to treat the 
upshoot-downshoot abnormality. These proce- 
dures include the following: recession of the 
medial and lateral recti muscles to the equator 
of the globe’”®; posterior fixation of both hori- 





H icm 


Fig. 10 (Bloom, Graviss, and Mardelli). Case 2. Top 
left, Coronal image through the muscle cone of the 
abnormal left eye in primary gaze. Top right, Same 
eye in downshoot. Bottom left, Superimposition of 
primary gaze (solid line) and downshoot (dotted 
line). 


zontal recti muscles” ”® or of the lateral rectus 
muscle alone’; and a splitting of the lateral 
rectus muscle, with or without a recession, into 
a Y-shaped configuration to stabilize the mus- 
cle’s position on the globe." 

Discussions of the bridle-effect theory have 
suggested that the lateral rectus muscle is mo- 
bile and that it slips vertically across the globe 
to produce an upshoot or downshoot.°**:" Stud- 
ies of normal subjects using computed tomog- 
raphy and magnetic resonance imaging," 
however, demonstrated no vertical displace- 
ment of the horizontal recti muscles, relative to 
the orbit, on upgaze and downgaze. Our study 
was undertaken to determine whether the later- 
al rectus muscle of a patient with Duane’s 
retraction syndrome with an upshoot or down- 
shoot would shift vertically, relative to the 
orbit, as the eye elevated or depressed in adduc- 
tion. 

Our results indicate that there is minimal 
vertical movement of the lateral rectus muscle, 
in relation to the orbit, as the eye either up- 
shoots or downshoots in adduction. This find- 
ing was previously postulated by von Noorden 
and Murray," based upon the computed tomog- 
raphy and magnetic resonance imaging studies 
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of Simonsz and associates” and Miller,” respec- 
tively. It is not the purpose of our investigation 
to prove or disprove the bridle-effect theory. 
The findings of several reports’**’*" suggest 
that the lateral rectus muscle contributes to 
the upshoot-downshoot abnormality of the 
Duane’s retraction syndrome, as predicted by 
this model. Our findings indicate, however, that 
the bridle-effect theory must be modified to 
account for the minimal vertical displacement 
of the lateral rectus muscle on both upshoot and 
downshoot. 

A recent study by Miller, Demer, and Rosen- 
baum” also used magnetic resonance imaging 
to examine a patient with Duane’s retraction 
syndrome (Type I) with an upshoot and another 
patient (bilateral Type I) with a downshoot. No 
vertical displacement of the lateral rectus mus- 
cle was noted on upshoot, whereas a 1- to 2-mm 
displacement was detected on downshoot. 
These findings are similar to those of our pa- 
tients, although not identical for the upshoot 
cases. Unlike our study, the observations of 
Miller, Demer, and Rosenbaum were generated 
by customized computer software, rather than 
by a direct visual comparison of the magnetic 
resonance scans. The results appear compara- 
ble for the three different types of Duane’s 
retraction syndrome represented in these in- 
vestigations in that no large displacement of 
the lateral rectus muscle was detected. It may be 
noteworthy that their patient with a bilateral 
Duane’s retraction syndrome had undergone 
esotropia surgery, of an unspecified nature, on 
each eye at different times, and a unilateral 
downshoot did not appear until after the surgi- 
cal procedure on this affected eye. Miller, 
Demer, and Rosenbaum suggested that the sev- 
ering of orbital connective tissues may have 
permitted the 1- to 2-mm vertical movement of 
the lateral rectus muscle. In contrast, although 
neither of our patients had surgery, both dem- 
onstrated small displacements of the lateral 
rectus muscle. 

These investigations demonstrate the value 
of magnetic resonance imaging for the study of 
motility disorders. Computed tomographic 
scanning has previously been used to examine 
patients with strabismus.” This method re- 
quires ionizing radiation, however, which has 
the potential for damage to the tissues of the 
eye.” Magnetic resonance imaging uses mag- 
netic field energy and radiofrequency, which 
produce no known adverse effects. Magnetic 
resonance imaging is also capable of obtaining 


views in any plane of the orbit without the need 
to reposition the patient. A major limitation of 
magnetic resonance imaging in the study of 
ocular movement disorders, however, is its ex- 
tended data acquisition time, which requires a 
prolonged period of constant fixation by the 
subject. Further refinement of magnetic reso- 
nance imaging technology may decrease the 
fixation time needed for these ocular motility 
studies. 
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OPHTHALMIC MINIATURE 
She was nodding, her rheumy but sharp eyes fixed on his. “Much that 
comes from Syria is an abomination to me, Empress, as you know, but the 
poppy is a great blessing. If you were suffering a temporary complaint or 
were under the power of a curse that I was in the process of lifting I would 


refuse to let you take any more. . 


. .” Here he hesitated, but those greying 


eyes, the whites brown with disease, did not flinch so he continued. 
“. . . but you are dying, dear Mother. I will order the physician to give you 


as much poppy as you want.” 


Pauline Gedge, Mirage 


New York, Harper Collins, 1990, p. 40 





Bilateral Congenital Oculomotor Nerve Palsy in a Child 


With Brain Anomalies 





William V. Good, M.D., A. James Barkovich, M.D., Bonnie L. Nickel, M.D., 
and Creig S. Hoyt, M.D. 


We treated a 3-month-old boy with bilateral 
congenital oculomotor nerve palsy in whom a 
magnetic resonance imaging scan demonstrat- 
ed a developmental brain anomaly in the re- 
gion of the basal ganglia. The pupil was nor- 
mal on one side, and there was no aberrant 
regeneration of the oculomotor nerve. We 
could find no evidence for a peripheral oculo- 
motor nerve lesion. This demonstrates that 
congenital oculomotor nerve palsy can be 
caused by brainstem disease. Embryological- 
ly, basal ganglia and oculomotor nuclei devel- 
op at the same time, and the Edinger-Westphal 
nucleus develops later. Thus, pupil sparing 
does not exclude a central origin for congeni- 
tal oculomotor nerve palsy. 


TsoLateD OCULOMOTOR NERVE PALSY in children 
is uncommon compared to adults’* and often 
congenital in nature. The location of the lesion 
causing the congenital oculomotor palsy has 
been presumed to be in the peripheral nerve on 
the basis of two clinical observations: aberrant 
regeneration of the oculomotor nerve occurs 
commonly in congenital and traumatic cases’; 
and associated neurologic problems in children 
with oculomotor nerve palsy are uncommon,’ 
although this observation has been chal- 
lenged.° 

We treated a child with congenital, bilateral 
oculomotor palsy in whom a magnetic reso- 
nance imaging scan showed aplasia of basal 
ganglia structures on one side. The small size of 
extraocular muscles innervated by this nerve 
also suggests that oculomotor nerve nucleus 


Accepted for publication Jan. 2, 1991. 

From the Departments of Ophthalmology (Drs. Good 
and Hoyt) and Radiology (Dr. Barkovich), University of 
California, San Francisco, California. Dr. Nickel is in 
private practice in San Rafael, California. 

Reprint requests to William V. Good, M.D., 400 Par- 
nassus Ave., A 704, San Francisco, CA 94143. 


hypoplasia or aplasia was the cause of this 
child’s oculomotor palsy. 


Case Report 


A 3-month-old boy was examined in consul- 
tation at the University of California, San Fran- 
cisco, for exotropia and bilateral blepharopto- 
sis. There was no history of birth trauma. The 
patient was a full-term infant, and his develop- 
mental milestones were normal for his age. 

Examination showed an alert and smiling 
infant. The right eye had blepharoptosis, but 
the pupil was not covered. He was unable to 
adduct, elevate, or depress the eye. The pupil 
was 2 mm and reactive. The left eye showed 
mild blepharoptosis, and again, the pupil was 
not occluded. Adduction of the left eye was 
50% of normal, and he was unable to elevate or 
depress the left eye. The pupil was 5 mm dilated 
and weakly reactive to light. Neither eye 
showed signs of aberrant regeneration of the 
oculomotor nerve. Other cranial nerves were 
intact. 

A magnetic resonance imaging scan demon- 
strated an absent caudate and lentiform nucle- 
us on the right (Fig. 1). The absence of cysts or 
high signal intensity in the region of the basal 
ganglia on the T,-weighted image indicated 
early damage to or aplasia or hypoplasia of the 
structures, as opposed to secondary destruction 
during late gestation or at birth. The right 
frontal horn was dilated secondary to caudate 
nucleus aplasia (Fig. 2). The internal capsule 
appeared normal bilaterally. 

Coronal views of the orbits showed hypoplas- 
ia of extraocular muscles innervated by the 
oculomotor nerve (Fig. 3). The right muscles 
appeared to be more affected than the left, 
consistent with the physical examination, in 
which the right blepharoptosis and ocular 
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Fig. 1 (Good and associates). T,-weighted image 
shows normal caudate, lentiform, and thalamus 
structures on the left. On the right, the caudate and 
lentiform nuclei are gone (arrows). The absence of 
bright signal in the region of the basal ganglia indi- 
cates that this is not a destructive process. 





movements were worse than the left. The later- 
al recti and superior oblique muscles appeared 
normal. 


ee ee 
Discussion 
Se a ae Ae ee ee 


An intra-axial (brainstem) anomaly was the 
most likely cause of this child’s bilateral oculo- 
motor nerve palsy. The perinatal history was 
unremarkable, which suggested that trauma 
probably was not a factor in the oculomotor 
nerve palsy. There was no aberrant regenera- 
tion of the oculomotor nerve (synkinesis), a 
finding that usually occurs with peripheral ocu- 
lomotor nerve lesions.’ The magnetic reso- 
nance imaging scan showed an absence of basal 
ganglia structures on the side with the most 
severe involvement. The T.-weighted image 
showed no bright signal in this region, which 
excluded an injury after the 20th gestational 
week. 

Demonstration of a central cause for oculo- 
motor nerve palsy in congenital cases is diffi- 
cult. Most children with congenital oculomotor 
nerve palsy survive into adulthood, which has 
resulted in a scarcity of pathologic material. 
Nevertheless, Wibrand and Saenger’ reported 
one case of hypoplasia of a portion of the 
oculomotor nucleus. Other cranial nerves were 
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Fig. 2 (Good and associates). T,-weighted image 
shows a dilated right frontal horn caused by absence 
of the caudate nucleus (small arrow). The high signal 
intensity (large arrows) of the posterior limb of the 
internal capsule is normal bilaterally. 


also affected. Norman’ described an infant with 
a unilateral oculomotor nerve palsy caused bya 
nonocclusive thrombus of the basilar artery. A 
patient described by Papst and Esslen* had 
hypoplasia of oculomotor nerve nuclei and bi- 
lateral facial nerve palsy. Miller® described a 
patient in whom hypoplasia of oculomotor 
nerve nuclei was accompanied by digital anom- 
alies and mental retardation. 

Most cases of congenital oculomotor palsy 
are unilateral. Two cases reported by Reinecke!” 
and one by Balkan and Hoyt were bilateral. 
The patient of Balkan and Hoyt had a Marcus 
Gunn jaw wink phenomenon, developmental 
delays, and a normal labor and delivery. The 
jaw winking implied a condition that was cen- 
tral rather than peripheral. We agree that con- 
genital oculomotor nerve palsy can be caused 
by peripheral lesions during parturition; how- 
ever, the likelihood of isolated bilateral in- 
volvement without other obvious neurologic 
damage caused by birth trauma seems remote 
and should suggest a central mechanism. 

In our patient, the right pupil was not in- 
volved and the left was partially affected. In 
the studies by Victor’ and Miller,‘ all patients 
had pupillary involvement, but sometimes the 
pupil was miotic because of aberrant regen- 
eration. Four of the patients of Balkan and 
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Fig. 3 (Good and associates). Coronal view of the 
globes and extraocular muscles. Note that muscles 
innervated by the oculomotor nerve are small com- 
pared to the lateral rectus and superior oblique mus- 
cles (arrows). On the right, the medial rectus muscle 
cannot be identified. 


Hoyt® showed no pupillary abnormality. In 
adults, pupil sparing oculomotor nerve palsy is 
usually caused by sparing of the pupillomotor 
fibers in microvascular infarcts of the extra- 
axial nerve.''!* Nadeau and Trobe,” however, 
described pupil sparing oculomotor nerve palsy 
caused by midbrain infarction and brainstem 
glioma. Other reports described pupillary spar- 
ing with infarction of the brainstem” and infil- 
tration of the brainstem by tumor.’””’ It seems 
that pupillary sparing in congenital oculomotor 
nerve palsy, therefore, is the exception but does 
not preclude a central origin. 

The embryologic characteristics of the oculo- 
motor nucleus support the possibility of a pupil 
sparing, central oculomotor nerve palsy. Ocu- 
lomotor nerve nuclei form during the fifth ges- 
tational week. The globus pallidus and striatum 
form at the same time.” A fifth-gestational 
week event could damage oculomotor nerve 
nuclei and basal ganglia structures. The Edin- 
ger-Westphal nucleus does not become distin- 
guishable until the tenth or 11th gestational 
week. It could be spared or partially spared in 
the event of earlier damage. 

The extraocular muscles innervated by the 
oculomotor nerve were small in both eyes of 
our patient (Fig. 3). The muscles of the right eye 
were smaller than those of the left eye, with the 


right medial rectus muscle virtually absent. 
Standards for normal-size muscles do not exist, 
but the superior oblique and lateral recti mus- 
cles, innervated by the trochlear and abducens 
cranial nerves, respectively, were much larger. 
Embryologically, the extraocular muscles form 
at five weeks. Nuclei of the oculomotor nerve 
can be identified in the mesencephalic tegmen- 
tum by the fifth week.” Oculomotor nerve fi- 
bers emerge from the brainstem at six weeks 
and reach appropriate extraocular muscles 
thereafter. The extremely small size of extraoc- 
ular muscles in this scan (Fig. 3), which was 
taken at an early age, implies a prenatal disease 
process and the possibility that some of these 
muscles, particularly on the right, never re- 
ceived any innervation. Horton and associates” 
documented a decrease in the size of extraocu- 
lar muscles in acquired cranial nerve palsy. In 
our patient, however, the muscles innervated 
by the oculomotor nerves were extremely 
small, and the right medial rectus muscle was 
virtually absent. 

This case demonstrates that congenital oculo- 
motor nerve palsy can be caused by develop- 
mental anomalies of the brain. We agree with 
Balkan and Hoyt’ that other neurologic abnor- 
malities can accompany congenital oculomotor 
nerve palsy. Magnetic resonance imaging scan- 
ning in patients with congenital oculomotor 
nerve palsy may identify children at risk for 
neurologic problems. Since extraocular muscles 
can be hypoplastic, scanning may also allow the 
strabismus surgeon to formulate a realistic 
treatment plan. 
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OPHTHALMIC MINIATURE 
Mostly these days when I go to the beach I just stay out of the water 
altogether. I sit on the shore and play cretin, sand-digging games with my 
three-year-old son, and I watch the lifeguards, who sit way up on the beach 
with their 20-20 vision and blow their whistles at swimmers I couldn't see 
even with the aid of a radio telescope, off the coast of France somewhere. 


Dave Barry, Dave Barry’s Greatest Hits 


New York, Fawcett Columbine, 1988, p. 25 





Correlation of the Blind Spot Size to the Area of the Optic 
Disk and Parapapillary Atrophy 





Jost B. Jonas, M.D., Gabriele C. Gusek, M.D., and Martin C. Fernandez, M.D. 


We evaluated the relationship between the 
optic disk and the blind spot area. Using 
kinetic Goldmann perimetry in 23 patients 
with open-angle glaucoma and 19 normal sub- 
jects, the blind spot size was correlated signif- 
icantly with the total area of the optic disk, 
peripapillary scleral ring, and parapapillary 
chorioretinal atrophy. Zone Beta of the para- 
papillary atrophy with a visible sclera was 
attributed to an absolute scotoma, and zone 
Alpha with irregular pigmentation was at- 
tributed to a relative scotoma. The blind spot 
was significantly larger in the glaucomatous 
eyes than in the normal eyes, which corre- 
sponded with a larger zone Beta in the glauco- 
matous eyes. The intrapapillary and parapap- 
illary region of the optic nerve head correlated 
to the size of the blind spot, which included 
the parapapillary chorioretinal atrophy and a 
significant size difference between normal 
and glaucomatous eyes. 


T He optic NERVE HEAD represents the morpho- 
logic correlate of the blind spot in the visual 
field. The interindividual variability of its area 
was previously measured to range between 0.8 
and 5.5 mm’ in normal eyes.’ The chorioretinal 
atrophy bordering the optic disk (Figs. 1 and 2) 
also differs considerably in size, frequency, and 
shape." Parapapillary chorioretinal atrophy 
has been reported to be more common and 
larger in glaucomatous eyes than in normal 
eyes or eyes with ocular hypertension.**""' The 
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association between the parapapillary altera- 
tions and the glaucomatous damage does not 
indicate that these changes are necessarily ei- 
ther causes or effects in the pathogenesis of 
glaucoma.’* The parapapillary chorioretinal 
changes are associated with a decreased count 
of retinal photoreceptors.” The interindividual 
variability in the size of the optic disk and 
parapapillary chorioretinal atrophy could lead 
one to the assumption that the blind spot, too, 
is subject to interindividual variation, which 
may render the detection of a glaucomatous 
enlargement difficult. 

Traquair” introduced a depression of the 
central isopter known as “baring of the blind 
spot” as an early change of chronic simple 
glaucoma. Drance,” however, pointed out that 
most of Traquair’s patients had angle-closure 
glaucoma, and he assumed that many of them 
probably already had prodromal symptoms of 
angle-closure glaucoma before the commence- 
ment of the study. Reporting his own findings 
that baring of the blind spot could be produced 





Fig. 1 (Jonas, Gusek, and Fernandez). Glaucoma- 
tous optic nerve head. Disk area, 6.40 mm’; zone Beta 
(between long double arrows), 8.03 mm’; zone Alpha 
(between double arrowheads) of the parapapillary 
chorioretinal atrophy, 2.50 mm’; peripapillary scleral 
ring (black short arrows), 0.50 mm’. Black point, 
photographic artifact. 
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Fig. 2 (Jonas, Gusek, and Fernandez). Normal optic 
nerve head. Disk area, 1.83 mm’; no zone Beta; zone 
Alpha (between double arrowheads), 0.15 mm’; peri- 
papillary scleral ring (black short arrows), 0.20 mm’. 
Note marked difference in the visibility of the retinal 
nerve fiber bundles in Figures 1 and 2. 


also in normal subjects, Drance did not consid- 
er this sign to be pathognomonic for glaucoma. 

Aulhorn and Harms,” Drance,” and Drance, 
Wheeler, and Pattulo’ showed that the area 
around the blind spot had the flattest slope so 
that threshold targets could be made to bare the 
blind spot in a nonspecific way. Armaly” point- 
ed out that the parapapillary region, especially 
at the superior and inferior disk poles, was less 
sensitive than the surrounding retina. He did 
not exclude the possibility that such defects 
also might be caused by a glaucomatous proc- 
ess. The perimetric changes close to the blind 
spot, however, were common also in normal 
subjects after the age of 40 years and were 
markedly influenced by slight changes in re- 
fraction and in lens opacities. Because of this, 
Armaly”™ precluded the use of pericecal scoto- 
mata as perimetric criteria of glaucoma. 

Hart and Becker” described that in 29 of 98 
eyes (30%) with initial glaucomatous defects 
the blind spot showed an arcuate enlargement 
and that the most common area for paracentral 
disturbances was adjacent to the superonasal 
pole of the blind spot. Using computerized 
perimetry, Gramer and associates” described 
an enlargement of the blind spot as an early 
perimetric sign of glaucoma. However, they did 
not use a special program for measuring the 
blind spot. Many other investigators have not 
considered an increase in the blind spot size as 
characteristic for glaucoma.” 

Considering this diversity of opinions, the 
aims of our study were the following: determi- 


nation of correlations between the blind spot 
size and the areas of the optic disk, peripapil- 
lary scleral ring, and parapapillary chorioreti- 
nal atrophy (Figs. 1 and 2), if any; detection of 
possible association of the parapapillary cho- 
rioretinal atrophy with a relative or absolute 
scotoma; and testing of the hypothesis that 
normal and glaucomatous eyes differ in the 
blind spot size, taking into account the area of 
the optic disk and parapapillary chorioretinal 
atrophy. 





Patients and Methods 





We studied 579 eyes of 323 patients with 
open-angle glaucoma and 24 normal eyes of 19 
subjects. Selection criteria for the diagnosis of 
glaucoma were an open anterior chamber an- 
gle, intraocular pressure readings exceeding 21 
mm Hg, glaucomatous changes of the optic 
disk, and visual field defects. Visual field de- 
fects included isolated or confluent paracentral 
scotomata, a nasal step of at least ten degrees, 
and abnormally high visual field indices on 
automated perimetry. The subjects of the con- 
trol group came to our institution for a regular 
ocular examination, prescription of spectacles, 
or diseases of the fellow eye, which was not 
included in the study. These diseases, such as 
perforating corneal injuries, did not primarily 
affect the optic nerve. 

For all eyes, 15-degree color stereoscopic op- 
tic disk diapositives were taken with an Allen 
stereoscopic separator and a telecentric fundus 
camera. The diapositives were projected in a 
magnification scale of 1 to 15. The outlines of 
the optic disk, peripapillary scleral ring, and 
parapapillary chorioretinal atrophy were plot- 
ted on paper and analyzed morphometrically. 
The outer border of the optic disk was identical 
with the inner border of the peripapillary scler- 
al ring. The parapapillary chorioretinal atro- 
phy*” was divided into a peripheral zone (zone 
Alpha), characterized by irregular hypopig- 
mentation and hyperpigmentation, and a sec- 
ond zone (zone Beta), located close to the peri- 
papillary scleral ring and with a sclera and 
large choroidal vessels visible upon ophthal- 
moscopy (Figs. 1 and 2). To obtain measure- 
ments in absolute size units (millimeters and 
square millimeters), the photographic magnifi- 
cation was corrected according to Littmann’s 
method,” which took into account the anterior 
corneal curvature and refractive error. 
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Using the Hle le I, and lọ isopters and 
Goldmann’s kinetic perimetry, we evaluated 
the size of the blind spot in 44 eyes of 23 
patients (14 women, nine men; age, 55.0 + 12.5 
years, range, 28 to 74 years; refractive error, 
—1.51 + 3.2 diopters, range, —13.0 to +1.6 
diopters) and in 24 normal eyes of 19 subjects 
(eight women, 11 men; age, 50.1 + 12.4 years, 
range, 17 to 67 years; refractive error, —0.66 + 
2.53 diopters, range, —8.1 to +2.1 diopters). 
The area covered by each isopter on the visual 
field chart was measured with a planimeter in 
square millimeters. The differential areas be- 
tween the isopters were calculated by subtrac- 
tion. In a second step, the values were corrected 
for the ocular magnification taking into account 
the same Littmann factor that was used for 
determination of the papillomorphometric 
data. This correction resulted in a mathematic 
enlargement of the blind spot in myopic eyes 
and a mathematic decrease of blind spot area in 
hyperopic eyes. 

With the Octopus program G1, the blind spot 
was determined in 535 eyes of 301 patients 
with glaucoma (159 women, 142 men; age, 63.0 
+ 12.8 years, range, 15 to 91 years; refractive 
error, —1.0 + 1.90 diopters, range, — 14.75 to 
+6.4 diopters). The blind spot was considered 
to be generally enlarged if at least three of ten 
points surrounding the blind spot showed a 
relative or absolute scotoma. The blind spot 
was thought to be enlarged in its superior, 
inferior, temporal, or nasal half if at least 50% 
of the points located in that region had a de- 
creased light differential threshold. 

The evaluation of the blind spot was per- 
formed without previous knowledge of the op- 
tic disk morphologic characteristics. For inter- 
individual comparison, only one randomly 
selected eye per subject and patient was taken 
for statistical analysis. For determination of 
differences between the right and left sides, 
both eyes of the same individual were included 
in the statistical process. 


Results 


In the normal group, the total areas of the 
optic disk, peripapillary scleral ring, and zones 
Alpha and Beta of the parapapillary chorioreti- 
nal atrophy were correlated significantly with 
the areas of all isopters tested (correlation coef- 
ficients ranging between .63 and .93; P < 
.0001). The coefficients were highest for the 


correlation with isopters IIl, and I,, and lowest 
for isopter I,,. The same was true if the area of 
zone Alpha was kept out of the total. The 
correlation coefficients and the P values did not 
vary significantly as compared to the total area 
including zone Alpha. The combined area of 
the optic disk and peripapillary scleral ring was 
not correlated significantly with the other isop- 
ters and only marginally correlated (P = .08) 
with isopter IIl. The optic disk and the peri- 
papillary scleral ring taken separately were not 
correlated with any perimetric factor. 

If the areas between the isopters were consid- 
ered, the size of zones Alpha and Beta was not 
significantly correlated with any differential 
area with the exception of a marginally signifi- 
cant correlation to the differential area between 
the isopters IIl, and I,, (correlation coefficient, r 
= .41; P = .08). The areas of the optic disk and 
peripapillary scleral ring were not correlated 
with any differential area between the isopters. 

In the glaucomatous eyes also, the combined 
areas of the papillomorphometric variables, 
whether zone Alpha was included or not, were 
significantly correlated with the areas of all 
isopters (correlation coefficients ranging be- 
tween .36 and .59; P < .05). Again, the coeffi- 
cients and the P values (P < .001) were highest 
for the correlation with isopters III, and l,e. The 
areas of the papillomorphometric factors by 
themselves were not correlated significantly 
with any differential area between the isopters. 
There was a tendency, however, that the areas 
of zones Alpha and Beta were correlated with 
the differential area between the isopters Il 
and l 

With all patients and subjects taken into 
account, the total area of the optic disk, peri- 
papillary scleral ring, and parapapillary chorio- 
retinal atrophy, including and excluding zone 
Alpha, was best correlated with the size of 
isopters l, (Fig. 3) and IIl, (Fig. 4) (Table 1). 
Additionally, if zone Beta was excluded, the 
combined area of the optic disk and peripapil- 
lary scleral ring as well as the optic disk area 
taken separately were also best correlated to 
isopter IIl, (Fig. 5). The coefficients and signifi- 
cance, however, were lower in this case as 
compared to the correlation between isopter 
IIl, and the total area including zone Beta 
(Table 1). Concerning the differential areas be- 
tween the isopters, both zones Alpha and Beta 
were correlated with the differential area be- 
tween isopters III, and l (Figs. 6 and 7). The 
peripapillary scleral ring, the optic disk, and 
the sum of these two variables did not show any 
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Fig. 3 (Jonas, Gusek, and Fernández). Scattergram Fig. 4 (Jonas, Gusek, and Fernández). Scattergram 
showing the correlation between the combined areas showing the correlation between the combined areas 
of the optic disk, peripapillary scleral ring, and zones of the optic disk, peripapillary scleral ring, and zone 
Alpha and Beta of the parapapillary chorioretinal Beta of the parapapillary chorioretinal atrophy and 
atrophy and the size of isopter I,, taken for determi- the size of isopter IIl, taken for determination of the 
nation of the blind spot. Correlation coefficient, r = blind spot. Correlation coefficient, r = .76; P < .001. 
dri PS 001. 
significant relationships to any differential area tween both sides in the area of the isopters III, 
between the isopters (Table 1). to L. 

In intraindividual bilateral comparison, the Upon comparison of the glaucoma and nor- 
difference between both sides (right eye minus mal groups for age (P = .09), refractive error (P 
left eye) in the papillomorphometric data were = .12), sex, and the areas of the optic disk, 
significantly correlated with the difference be- peripapillary scleral ring, and zone Alpha, the 

TABLE 1 


COEFFICIENTS AND SIGNIFICANCE OF CORRELATIONS BETWEEN MORPHOMETRIC DATA OF THE OPTIC DISK AND 
PERIMETRIC DATA OF THE BLIND SPOT* 


rr eeeeeSeSFSFSeFeseseseséSé 


OPTIC DISK, 

PERIPAPILLARY OPTIC DISK, 

SCLERAL PERIPAPILLARY 

RING, ZONE SCLERAL OPTIC DISK, PERIPAPILLARY 

BETA, ZONE RING, PERIPAPILLARY OPTIC SCLERAL ZONE ZONE 

ALPHA ZONE BETA SCLERAL RING DISK RING BETA ALPHA 
ISOPTER r P VALUE r P VALUE r P VALUE r P VALUE r P VALUE r P VALUE r P VALUE 
a eS eee n L E 
Illas J7  <.001 76 <.001 48 <01 46 <.01 NS NS 68 <.001 52 <.001 
lee .77  <.001 76 <.001 40 <.01 38  <.05 NS NS J2 <.001 48 <.01 
lee .54 <.001 D1 <.001 35 <.05 35 <.05 NS NS 45 <.01 42 <.01 
loe 54 <.001 50 <.001 41 <.01 39 8 <.05 NS NS 42 <.01 46 <.01 
Ill- .59 <.001 59 <.001 NS NS NS NS NS NS 60 <.001 34 <.05 
lse 
IIl- NS NS NS NS NS NS NS NS NS NS NS .18 27 .09 
lza 
IIl,- NS NS NS NS NS NS NS NS NS NS NS .40 .30 .05 
lze 
le- NS NS NS NS NS NS NS NS NS NS NS NS NS NS 
lze 
lse- NS NS NS NS NS NS NS NS NS NS NS NS NS NS 
las 
l3,- NS NS NS NS NS NS NS NS NS NS NS NS NS NS 


*NS indicates not significant. 
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Fig. 5 (Jonas, Gusek, and Fernandez). Scattergram 
showing the correlation between the combined area 
of the optic disk and the peripapillary scleral ring and 
the size of the blind spot measured by Goldmann’s 
kinetic perimetry using the isopter III,,. Correlation 
coefficient, r = .48; P = .001. 


differences were not significant (Table 2). For 
this purpose, severely myopic eyes with a my- 
opic refractive error of more than —8 diopters 
were excluded. The glaucoma group consisted 
then of 22 patients and the control group of 18 
subjects. Zone Beta, the size of the isopters Le, 
I;., and lp, and the differential areas between 
the isopters were significantly larger in the 
glaucomatous eyes. Isopter III, was larger but 
not significantly larger in the glaucomatous 
eyes (Table 2). 

If the blind spot values were corrected for the 
ocular magnification, the correlation coeffi- 
cients and the significances were higher and the 
differences in the perimetric variables between 
the glaucoma and normal group reached a 
greater level of significance than for uncorrect- 
ed data. 





(:] 10 2 E] p] so 60 7 La] s0 100 
differential area between isopters 
III/4e and I/4e 


Fig. 7 (Jonas, Gusek, and Fernandez). Scattergram 
showing the correlation between the area of zone 
Beta of the parapapillary chorioretinal atrophy and 
the differential area between the isopters IIl, and Le 
taken for determination of the blind spot. Correlation 
coefficient, r = .60; P < .001. 
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ai tferential area between isopters 
III/4e and I/4e 

Fig. 6 (Jonas, Gusek, and Fernandez). Scattergram 
showing the correlation between the area of zone 
Alpha of the parapapillary chorioretinal atrophy and 
the differential area between the isopters IIl, and Le 
taken for determination of the blind spot. Correlation 
coefficient, r = .34; P < .05. 


Considering the Octopus program G1 for 
determination of an enlargement of the blind 
spot, analysis of variance disclosed that the 
variables of general enlargement of the blind 
spot and enlargement of the blind spot in the 
superior, inferior, nasal, and temporal half 


| TABLE 2 
MORPHOMETRIC DATA OF THE OPTIC NERVE HEAD 
AND PERIMETRIC DATA OF THE BLIND SPOT 





NORMAL EYES GLAUCOMA EYES P VALUE 


AREA (MM?) (N = 18) (N = 22) 
Optic disk 2.70+ 0.49 261+ 0.51 91 
Peripapillary 
scleral ring 0.36 + 0.11 0.47 + 0.26 15 
Zone Alpha 0.59 + 0.29 060+ 0.38 TA 4 
Zone Beta 0.08 + 015 048+ 0.56 <.01 
Optic disk and 
peripapillary ring 3.06 + 0.55 3.08+ 0.55 Al 
Optic disk, 
peripapillary ring, 
and zone Beta 3.13+ 060 355+ 069 <.05 
Optic disk, 
peripapillary ring, 
zone Beta, and 
zone Alpha 3.72+ 068 416+ 0.87 <.05 
Isopter IIl,, 39.2 t119 4.1 «218 .29 
Isopter |,, 99.9 +17.0 79.8 +33.9 <.05 
Isopter la 83.9 +276 123.0 +615 <.05 
Isopter l» 111.8 +360 1456 +485 <.01 
Diferential area 
between isopters 
WN golae 20.7 + 10.0 33.7 +185 <05 
Waele 44.7 +23.7 769 +482 <.01 
Wolo. 726 +324 99.4 +344 <.01 
sols 240 +153 43.2 + 36.1 <.01 
Isom loe 61.8 + 23.1 65.7 +220 <05 
lae—loe 27.8 +19.4 225 + 36.8 .14 
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were not correlated significantly with the areas 
of the optic disk, peripapillary scleral ring, and 
parapapillary chorioretinal atrophy, either to- 
tally or separately. 


Discussion 


Defining the blind spot as absolute and rela- 
tive scotoma as determined by the isopters I 
and l to lp, respectively, its size was correlated 
positively with the area of the optic disk and 
parapapillary chorioretinal atrophy (Table 1, 
Figs. 3 through 7). The blind spot was large in 
eyes with a large optic disk and a marked 
parapapillary chorioretinal atrophy. Converse- 
ly, eyes with small optic nerve heads with an 
unremarkable surrounding region had small 
blind spots. The interindividual variability in 
the size of the blind spot, already reported by 
Wentworth” in 1931, was in direct proportion 
to the variation in the combined areas of the 
optic disk, peripapillary scleral ring, and para- 
papillary chorioretinal atrophy. 

This relationship between the size of the 
blind spot and the papillomorphometric varia- 
bles prompts one to question which regions of 
the optic nerve head could possibly correspond 
to a particular isopter. The isopters II, and L 
had the highest correlation coefficients and the 
lowest P values. The correlations were least 
significant for isopters l and l». Concerning 
the differential areas, the region between isop- 
ters Ill, and l showed the most significant 
relationships. It was best correlated with zone 
Beta followed by zone Alpha of the parapap- 
illary chorioretinal atrophy. The differential 
areas between isopters IIl, and I}. and between 
isopters IIL. and Ip, were correlated marginally 
with zone Alpha but not with zone Beta (Table 
1). All other differential areas between other 
isopters were not correlated with any papillo- 
morphometric variable (Table 1). 

These factors could lead to the hypothesis 
that zone Beta, characterized by visible sclera, 
is associated with an absolute scotoma and that 
zone Alpha could correspond to a relative sco- 
toma with retinal differential light thresholds 
ranging between isopters III, and I,,. The corre- 
lation of zone Beta with the differential area 
between the isopters III, and l leaves it un- 
clear whether the peripheral part of zone Beta is 
associated additionally with a relative scotoma. 
The hypothesis is in agreement with morpho- 


logic studies, which suggest that zone Beta 
perhaps correlates histologically with a region 
that is characterized by the absence of retinal 
pigment epithelium cells and by retinal photo- 
receptors being absent close to the optic disk 
and markedly reduced in number peripherally. 
Zone Alpha could histologically represent ir- 
regularities of the retinal pigment epithelium 
and a thinning, but not a complete loss, of the 
outer retinal layer.” This is in agreement with 
the study of Sturmer, Schroedel, and Rappl,” 
which reported that, in direct laser scanning 
perimetry of the fundus, zone Beta represented 
an absolute scotoma and zone Alpha represent- 
ed a relative scotoma. 

The blind spot was significantly larger in the 
glaucomatous eyes than in the control group 
(Table 2). For this comparison, severely myopic 
eyes with a myopic refractive error of more than 
—8 diopters were excluded, and both groups 
were matched for refractive error. Correspond- 
ingly, the glaucoma and normal groups varied 
significantly in the area of zone Beta and in the 
summed area of the optic disk, peripapillary 
scleral ring, and total parapapillary chorioreti- 
nal atrophy (Table 2). 

The perimetric data were generally better 
correlated when they had been corrected for the 
ocular magnification using Littmann’s meth- 
od.” For interindividual comparison of the area 
of visual field defects, the refractive error may 
therefore be an important factor to be consid- 
ered. 

The data of the blind spot obtained with the 
Octopus program G1 were not correlated statis- 
tically with the papillomorphometric variables, 
which show that program G1 is not suitable for 
detection of a glaucomatous enlargement of the 
blind spot. This is in agreement with the design 
of the program. 
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Late Recovery of Function After Oculomotor Nerve Palsy 





Karl C. Golnik, M.D., and Neil R. Miller, M.D. 


We studied three patients who developed 
oculomotor nerve paresis from different caus- 
es. Each patient improved somewhat over sev- 
eral months, after which there was no further 
improvement for at least six months. Al- 
though the pareses were thought to be stable 
after the period of no improvement, each pa- 
tient subsequently had further improvement 
in both motility and alignment with resolu- 
tion of diplopia in primary position and in 
more than one of the cardinal positions of 
gaze. Patients with oculomotor nerve paresis 
may improve further after an initial period of 
improvement followed by several months of 
stability. 


The rare OF RECOVERY of an oculomotor nerve 
paresis is related to both the cause and the 
severity of the paresis. Vasculopathic oculomo- 
tor nerve pareses, such as those in patients with 
diabetes mellitus or systemic hypertension, 
usually recover within a few months, whereas 
oculomotor nerve pareses caused by compres- 
sion or trauma usually improve over a longer 
period of time. Most investigators believe that, 
regardless of the cause, recovery of an oculo- 
motor nerve paresis is usually complete within 
one year after onset of the paresis or treatment 
of the responsible lesion and that surgery for 
persistent misalignment should be considered 
if there is no improvement after six to 12 
months or once improvement stops. 

We studied three patients with oculomotor 
nerve paresis from different causes who had 
late recovery of oculomotor function with reso- 
lution of diplopia in primary position and in 
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more than one of the cardinal positions of gaze. 
This occurred after a period of improvement 
followed by an apparent lack of improvement 
for several months. These observations suggest 
that the recovery of an oculomotor nerve pare- 
sis may not be constant but may follow a inter- 
mittent course, with improvement occurring 
after a lengthy period of stability. 





Case Reports 





Case 1 

In April 1981, a 42-year-old man fell on a 
stick and sustained lacerations of his right low- 
er eyelid and the inferior bulbar conjunctiva of 
his right eye. A computed tomographic scan 
showed no damage to the orbital floor. The 
lacerations were closed, and orbital exploration 
disclosed an intact inferior rectus muscle. Two 
months later, the patient was referred for neu- 
ro-ophthalmic examination because of persis- 
tent vertical diplopia. 

Visual acuity was 20/20 in each eye, and 
color vision was normal. Visual fields per- 
formed by kinetic perimetry were full. There 
was no afferent pupillary defect. The lacera- 
tions were healed, the eye was white and quiet, 
and there was neither proptosis nor enophthal- 
mos. There was, however, marked limitation of 
depression and mild limitation of adduction of 
the right eye. In primary position, at distance, 
there was a 25-prism diopter right hypertropia 
that increased to 48 prism diopters on down- 
gaze and decreased to 3 prism diopters on 
upgaze (Table 1). The patient also had 7 degrees 
of subjective right incyclotorsion. Slit-lamp ex- 
amination, intraocular pressure measurements, 
and ophthalmoscopic examination showed no 
abnormalities. 

The patient underwent a repeat orthoptic 
examination six months later (eight months 
after the injury), at which time there was no 
significant change in either ocular alignment or 
motility (Table 1). It was thought that his stra- 
bismus was stable, and he was offered surgical 
treatment, which he declined. Three years after 
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TABLE 1 
ORTHOPTIC MEASUREMENTS OF CASE 1* 


EXAMINATION DATE 


JUNE 1981 DECEMBER 1981 APRIL 1984 
Primary position 25 RHT 23 RHT 5 RH(T) 
Upgaze 3 RHT 6 RHT Orthophoria 
Downgaze 48 RHT 48 RHT 2 RHT 


*All measurements made with patient viewing a distant target. 
Measurements are in prism diopters. RHT indicates right hyper- 
tropia. 


the injury, in April 1984, the patient noted 
resolution of double vision. He had an intermit- 
tent right hypertropia of only 5 prism diopters 
in primary position; he was orthophoric in 
upgaze; and he had a 2-prism diopter hypertro- 
pia in downgaze (Table 1). 


Case 2 

In 1983, a 48-year-old woman developed an 
acute, complete, right oculomotor nerve pare- 
sis. A computed tomographic scan disclosed 
evidence of a pituitary adenoma with associat- 
ed hemorrhage, and the patient was treated 
with transsphenoidal removal of tumor, blood, 
and necrotic tissue. Postoperatively, the patient 
noted binocular oblique diplopia that com- 
pletely resolved over three months. She then 
had no visual difficulties until three years later, 
when she developed the sudden onset of left 
blepharoptosis and recurrent binocular oblique 
diplopia. Magnetic resonance imaging dis- 
closed recurrent tumor, and the patient was 
referred to the neuro-ophthalmology unit for 
examination. 

Visual acuity was R.E.: 20/20 and L.E.: 20/ 
25. Color vision using Hardy-Rand-Rittler 
pseudoisochromatic plates was R.E.: 10/10 and 
L.E.: 8.5/10. Pupil measurements were R.E.: 3 
mm and L.E.: 8 mm. Neither pupil reacted to 
light or near stimulation. Kinetic perimetry 
disclosed a mild superotemporal depression in 
the visual field of the right eye and an infero- 
nasal arcuate defect in the visual field of the left 
eye. The right eye had full ductions, but there 
was eyelid retraction on adduction. There was a 
complete left blepharoptosis, and the left eye 
was completely immobile (Table 2). Slit-lamp 
biomicroscopic examination and intraocular 
pressure measurements showed normal results. 
Ophthalmoscopy disclosed a normal right optic 
disk. The left disk was mildly pale. 


Transsphenoidal removal of the recurrent pi- 
tuitary tumor was performed in October 1986, 
after which the patient underwent radiation 
therapy (4,500 cG, 25 fractions over four 
weeks). In January 1987, two months after com- 
pletion of radiation therapy, the mild left optic 
neuropathy persisted, but the anisocoria had 
diminished, and the left blepharoptosis had 
improved. The patient had a 20-prism diopter 
left hypotropia and 10-prism diopter exotro- 
pia. Ductions in the right eye remained full. 
Ductions had improved in the left eye but the 
left eye still did not elevate above the midline 
(Table 2). In July 1987, six months later, orthop- 
tic measurements showed that abduction in the 
left eye had improved, but adduction, eleva- 
tion, and depression were unchanged (Table 2). 

The patient returned in March 1988, 16 
months after completion of radiation therapy, 
at which time ductions in the left eye were 
unchanged (Table 2). The patient now had a 
10-prism diopter left hypertropia. There was 
left eyelid retraction during both depression 
and adduction, and adduction occurred during 
attempted elevation, which indicated aberrant 
regeneration of the oculomotor nerve. In July 
1990, four years after treatment, the patient 
stated that her double vision had resolved since 
her last visit. Indeed, the patient had no devia- 
tion in primary position, and abduction, adduc- 
tion, and elevation had all improved (Table 2). 


Case 3 

In February 1988, a 54-year-old woman 
developed an acute right retrobulbar hemor- 
rhage while undergoing bilateral intranasal 
ethmoidectomies and antrostomies for treat- 
ment of chronic paranasal sinus disease. Intra- 
ocular pressure increased to 30 mm Hg in the 
right eye, and the eye became proptotic. A right 
lateral canthotomy was performed, a lateral 
rhinostomy incision was made, and the medial 
periorbita was elevated away from the medial 
orbital wall and incised. No definite site of 
hemorrhage was identified. Absorbable gelatin 
sponges and microfibrillar collagen were used 
for hemostasis. Postoperatively, the patient had 
a complete right blepharoptosis and had 
oblique diplopia when the right eyelid was 
elevated. One month later, magnetic resonance 
imaging showed no abnormalities in the right 
orbit. The patient was referred for neuro-oph- 
thalmic examination four months after the op- 
eration because of persistent vertical diplopia. 

At the time of initial examination, in June 
1988, visual acuity was R.E.: 20/30 and L.E.: 
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TABLE 2 
ORTHOPTIC MEASUREMENTS OF CASE 2* 


a 


EXAMINATION DATE 





AUGUST 1986 JANUARY 1987 JULY 1987 MARCH 1988 JULY 1990 
Primary position alignment — 20 LHPO 15 LHPO 10 LHT Orthophoria 
at distance (prism diopters) 10 XT 8 XT 
Left eye duction (degrees of excursion fram midline) 
Adduction 0 28 30 30 40 
Abduction 0 20 44 38 53 
Elevation 0 0 0 2 13 
Depression 0 45 30 30 30 


e 


*XT indicates exotropia; ET indicates esotropia; LHPO indicates left hypotropia; and LHT indicates left hypertropia. 


20/20, and color vision using Hardy-Rand- 
Rittler plates was R.E.: 8.5/10 and L.E.: 9.5/10. 
Pupil measurements were 3 mm each, and there 
was no afferent pupillary defect. Visual fields 
performed by kinetic perimetry were full. 
There was no proptosis or enophthalmos, but 
there was 3 mm of right blepharoptosis. The 
patient had a 4-prism diopter right hypotropia 
in primary position. The hypotropia increased 
on upgaze and changed to a hypertropia on 
downgaze (Table 3). The left eye had limited 
adduction, elevation, and depression. Neither 
ocular motility nor alignment had changed at 
examination three months later in September 
1988 (Table 3) or one year later in September 
1989 (Table 3). In February 1990, however, the 
patient returned 24 months after the injury and 
stated that her double vision had recently re- 
solved. The patient was orthophoric in primary 
position and in downgaze (Table 3), and move- 
ment of the right eye had improved markedly. 


Discussion 


Late improvement of oculomotor nerve palsy 
occurred in each of our three patients. The first 
patient sustained trauma to the right orbit and 
subsequently lost inferior rectus muscle func- 
tion. The examination suggested injury of the 
oculomotor nerve branch to the inferior rectus 
muscle rather than injury to the muscle itself. 
Despite ocular motility and alignment that re- 
mained unchanged eight months after the inju- 
ry, the patient's diplopia eventually resolved, 
and there was marked improvement in motility 
when he was reexamined three years later. 

The second patient developed unilateral, 
complete ophthalmoplegia caused by recurrent 


pituitary adenoma affecting the ocular motor 
nerves in the cavernous sinus. After transsphe- 
noidal removal of the tumor followed by radia- 
tion therapy, there was initial improvement in 
motility. Abduction subsequently continued to 
improve, but adduction, elevation, and depres- 
sion did not change over the next 16 months. 
Nevertheless, orthoptic examination four years 
later showed that diplopia had resolved and 
vertical ductions had improved substantially. 

The third patient developed blepharoptosis 
and diplopia from oculomotor nerve dysfunc- 
tion after paranasal sinus surgery complicated 
by retrobulbar hemorrhage. Initial improve- 
ment occurred over several weeks, but neither 
ocular motility nor alignment improved over 
the subsequent 15 months. Nevertheless, de- 
spite more than one year of stability, the pa- 
tient’s diplopia eventually resolved and her 
ocular motility significantly improved. 

Oculomotor nerve dysfunction can result 
from many causes.’ The most common causes 
are ischemia, trauma, and compression.** Prog- 
nosis is related in part to the pathogenesis of 
the impairment. 

An ischemic oculomotor nerve paresis is typi- 
cally associated with return of function over 
several months.” Recovery may occur faster 
when the pupil is not affected or when the 
paresis is incomplete. Duration of impairment 
thus may be dependent in part on extent of 
damage. 

Resolution of traumatic oculomotor nerve 
palsy may not begin for weeks to months’* and 
may never be complete. Improvement in ocular 
motility and alignment after one year of stabili- 
ty is rare, although Krohel® described one pa- 
tient in whom improvement in blepharoptosis 
did not occur until one to two years after injury. 

Compressive oculomotor nerve paresis is fre- 
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TABLE 3 
ORTHOPTIC MEASUREMENTS OF CASE 3* 


EXAMINATION DATE 


JUNE SEPTEMBER SEPTEMBER APRIL 
1988 1988 1989 1990 
Primary 4RHPO 5 RHPO 6 RHPO - Orthophoria 
position 
Upgaze 20 RHPO 14RHPO 20RHPO 25 RHPO 
Downgaze 9 RHT 10 RHT 9 RHT Orthophoria 


*All measurements made with patient viewing a distant target. 
Measurements are in prism diopters. RHT indicates right hyper- 
tropia and RHPO indicates right hypotropia. 


quently caused by an intracranial aneurysm.*”! 
The extent of recovery after treatment of the 
aneurysm depends on both the severity of pre- 
operative dysfunction’ and the interval be- 
tween onset and treatment.” Complete recov- 
ery usually does not occur if treatment is 
delayed more than two weeks after onset of the 
paresis.” Most of the improvement occurs with- 
in three months, although recovery may contin- 
ue for one year.” Recovery after one year is 
uncommon; however, Grayson, Soni, and 
Spooner” described three patients who had 
only partial recovery at one year but who had 
no dysfunction at the five-year follow-up. 
Suzuki, Mizoi, and Sato” described one patient 
who had improvement of blepharoptosis two 
years after treatment. It is not clear from these 
reports whether there was gradual improve- 
ment throughout the period of follow-up or if 
improvement occurred after a period of sta- 
bility. 

The mechanism of oculomotor nerve recov- 
ery is axonal regeneration. Bender and Fulton" 
surgically transsected oculomotor nerves in 
monkeys, which produced complete oculomo- 
tor nerve paralysis. The transsected nerve ends 
were apposed, and return of oculomotor nerve 
function was observed five days later. There 
was no recovery in vertical movement during 
the six-month experiment. The authors thought 
that the poor vertical motility was not caused 
by lack of muscular function but rather by 
cocontraction of the vertical recti muscles pro- 
duced by aberrant regeneration of axons. Simi- 
lar axonal regeneration occurs in both cats and 
rats.’*9 

Axonal regrowth was presumably the mecha- 
nism of the early improvement in motility in 
our patients; however, it is difficult to under- 


stand the subsequent period of stability after 
which there was further improvement. One 
would expect the rate of axonal regeneration to 
be relatively constant, but this hypothesis was 
not supported by the clinical course of our 
patients. 

The frequency of late recovery of oculomotor 
nerve function is difficult to ascertain, since 
surgical intervention is usually undertaken 
within one year of the onset of nerve damage. 
Patients who either refuse surgery or are not 
surgical candidates may nevertheless have 
spontaneous improvement more than one year 
after the onset of oculomotor nerve paresis. We 
would not necessarily withhold surgery in 
those patients who have no recovery of oculo- 
motor nerve function over the six- to 12-month 
period after the onset of the paresis or the 
treatment of its cause. It may be appropriate, 
however, to examine some patients who initial- 
ly improve and then stabilize at regular inter- 
vals for several months before considering sur- 
gery or to treat such patients with nonsurgical 
procedures, such as intramuscular injection of 
botulinum A toxin. 
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OPHTHALMIC MINIATURE 

The Spanish Gypsies preserve the characteristic eye. The form is perfect, 
and it has an especial look to which is attributed the power of engendering 
grandes passions—one of the privileges of the eye. I have often remarked on 
its fixity and brilliance, which flashes like phosphoric light, the gleam 
which in some eyes denotes madness. I have also noted the “far-off” look 
which seems to gaze at something beyond you, and the alternation from the 

fixed stare to a glazing or filming over of the pupil. 
Edward Rice, Captain Sir Richard Francis Burton 
New York, Macmillan Publishing Company, 1990, p. 122 


Squamous Cell Carcinoma of the Cornea 


James A. Cameron, M.D., and Ahmed A. Hidayat, M.D. 


We treated two patients with primary squa- 
mous cell carcinoma of the cornea without 
involvement of the corneoscleral limbus. Su- 
perficial keratectomy and cryotherapy in one 
patient and penetrating keratoplasty in the 
other patient resulted in no recurrence of the 
tumor after 46 and nine months, respectively. 
Actinic damage and late manifestation caused 
by poor vision in both eyes of both patients 
may have been the risk factors for develop- 
ment of this tumor. 


Souamous CELL CARCINOMA involving the cor- 
nea has been described in association with an 
adjacent limbal lesion.’’ We treated two pa- 
tients with primary squamous cell carcinoma of 
the cornea without limbal involvement. 


Case Reports 


Case 1 

In November 1983, a 40-year-old man came 
to the emergency room with pain in the left eye 
and a blood-tinged discharge of three weeks’ 
duration. Vision had been poor in both eyes 
from childhood, and the right eye was com- 
pletely blind since childhood. Vision had deter- 
iorated gradually in the left eye during the 
preceding three years. The patient had had no 
previous ocular surgery, and systemically he 
was in good health. 

On examination, visual acuity was R.E.: no 
light perception and L.E.: light perception with 
poor projection. A large-amplitude horizontal 


Accepted for publication Feb. 1, 1991. 

From the King Khaled Eye Specialist Hospital, Riyadh, 
Saudi Arabia (Dr. Cameron), and Department of Oph- 
thalmic Pathology, Armed Forces Institute of Pathology, 
Washington, D.C. (Dr. Hidayat). 

Reprint requests to James A. Cameron, M.D., King 
Khaled Eye Specialist Hospital, P.O. Box 7191, Riyadh 
11462, Saudi Arabia. 


nystagmus was present in both eyes. The hori- 
zontal corneal diameters were R.E.: 13 mm and 
L.E.: 15 min. 

The right eye was phthisic, and the left globe 
was buphthalmic. Tactile intraocular pressure 
was normal in the left eye. An elevated, central 
corneal lesion measuring 10 mm in width and 8 
mm in height was present on the left cornea 
(Fig. 1). Large, superficial blood vessels were 
present at the 12, 5, and 8 o'clock meridians on 
the cornea. There was no involvement of the 
peripheral cornea or corneoscleral limbus. 

On Nov. 30, 1983, a superficial keratectomy 
was performed followed by a double, freeze- 
thaw cryotherapy with a freeze phase of two to 
three seconds. Cryotherapy was applied to the 
base and the margins of the lesions to include 
approximately 1 mm of apparently normal cor- 
neal epithelium. 

Histopathologically, the corneal epithelium 
was replaced by sheets and nests of atypical 
squamous cells that had invaded superficially 
the chronically inflamed stroma, consistent 
with microinvasive carcinoma. The deeper neo- 
plastic cells showed more cellular atypia, with 
pleomorphic nuclei and prominent nucleoli 
(Fig. 2). Hyperkeratosis, parakeratosis, and less 
cellular atypia were characteristic of the super- 
ficially located cells. The lines of surgical tran- 
section were free of tumor cells. 

The patient was last examined in September 
1987, 46 months after the initial manifestation. 
At that time, there was no recurrence of the 
lesion and no staining of the conjunctiva or 
cornea with rose bengal dye. 


Case 2 

In June 1989, a 57-year-old man came to the 
emergency room with poor vision in the left eye 
and a white spot on the cornea that had been 
present for one year. Vision in the right eye had 
been poor for at least two to three years before 
coming to the emergency room. The patient had 
had no previous ocular surgery, and systemical- 
ly he was in good health. 

On examination, visual acuity was R.E.: 20/ 
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Fig. 1 (Cameron and Hidayat). Case 1. Central, 
elevated corneal tumor with large superficial blood 
vessels at the 12, 5, and 8 o’clock meridians on the 
cornea. Whitened surface (leukoplakia) of the tumor 


is caused by keratinization. 


300 and L.E.: hand motions. Climatic droplet 
keratopathy (elastotic degeneration) with cor- 
neal scarring and advanced immature cataracts 
were noted in both eyes. Intraocular pressure 
was 20 mm Hg in both eyes by pneumotonom- 
etry. Ultrasound examination disclosed abnor- 
mal optic nerve cupping in both eyes. 

An elevated, white bilobed lesion was pres- 
ent on the central cornea of the left eye (Fig. 3). 
Rose bengal dye stained most of the lesion with 
no adjacent corneal or conjunctival staining. 
Large, superficial blood vessels were present at 
the 6, 8, and 11 o’clock meridians on the cor- 
nea. 

In August 1989, a penetrating keratoplasty 
with extracapsular cataract extraction and pos- 
terior chamber intraocular lens implantation 
was performed in the left eye. 

On histopathologic examination, the corneal 
epithelium showed an abrupt change from nor- 
mal to abnormal. Acanthosis, hyperkeratosis, 
parakeratosis, and loss of polarity were pres- 
ent. Nuclear atypia was more evident in the 
deeper layers of the tumor. These features re- 
sembled the hypertrophic type of actinic kera- 
tosis except for the presence of irregular masses 
of squamous cells that had proliferated down- 
ward and invaded the corneal stroma superfi- 
cially, near the central portion of the tumor 
(Fig. 4). The deep portion of the neoplasm 
showed a horn pearl, which consisted of a 
concentric layer of squamous cells with increas- 
ing keratinization toward the center (Fig. 4). 
The superficial, scarred stroma had rare depos- 
its of homogeneous material consistent with 
elastotic degeneration (climatic droplet kera- 
topathy). Multiple sections at different levels 


a” 





Fig. 2 (Cameron and Hidayat). Case 1. The deeper 
portion of the tumor shows stromal invasion by 
atypical squamous cells with eosinophilic cytoplasm, 
pleomorphic nuclei, and prominent nucleoli. Lym- 
phocytes and plasma cells surround the neoplastic 
cells (hematoxylin and eosin, X 300). 


showed normal corneal epithelium at the pe- 
riphery of the specimen. 

Nine months after the operation, there was 
no recurrence of the lesion or any staining of 
the conjunctiva or cornea with rose bengal dye. 
Best-corrected visual acuity was 20/160, limit- 
ed by endstage glaucomatous optic nerve cup- 


ping. 


Discussion 


Pizzarello and Jakobiec’ used the term con- 
junctival intraepithelial neoplasia to describe 
the spectrum of epithelial changes ranging 
from mild dysplasia to carcinoma in situ. Cor- 
neal intraepithelial neoplasia refers to the same 
spectrum as it pertains to the corneal epitheli- 
um.’ Squamous cell carcinoma is diagnosed 
when the dysplastic process breaks through the 
epithelial basement membrane into the sub- 
stantia propria of the conjunctiva or through 
the basement membrane into Bowman’s layer 
and stroma of the cornea. 

Corneal intraepithelial neoplasia is charac- 
terized by a minimally elevated, gray plaque on 
the cornea. There is usually a distinctive, fim- 
briated margin consisting of sharply demarcat- 
ed, finger-shaped extensions as well as isolated 
islands. There is usually an associated limbal 
lesion, although isolated corneal intraepithelial 
neoplasia without any other associated ocular 
abnormality has been described.*”""' Previous 
authors have speculated that isolated corneal 
intraepithelial neoplasia may be a precursor to 
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Fig. 3 (Cameron and Hidayat). Case 2. Central 
bilobed, white, elevated lesion on the central cornea. 


primary carcinoma of the cornea, just as con- 
junctival intraepithelial neoplasia is thought to 
be a precursor of squamous cell carcinoma of 
the conjunctiva.*’ Brown and associates” de- 
scribed a patient with an elevated, gray-white, 
corneal lesion that on histopathologic examina- 
tion was found to be corneal intraepithelial 
neoplasia with marked hyperkeratosis. 

The findings in our two patients further ex- 
tend the spectrum of corneal epithelial neopla- 
sia. Both patients had large, elevated, central 
corneal lesions that on histopathologic exami- 
nation showed microinvasive, well-differenti- 
ated, squamous cell carcinoma. Chronic inflam- 
matory cells were present in the cornea of both 
patients. Despite the relatively large size of 
both corneal tumors and the history of a white, 
corneal lesion noted for at least one year in one 
patient, there was only invasion into the super- 
ficial corneal stroma in both patients. The com- 
pact lamellar architecture of the cornea proba- 
bly acted as at least a partial barrier to limit 
tumor spread into the eye. 

Almost all dysplastic lesions involving the 
conjunctiva or cornea also involve the corneo- 
scleral limbus. Just as early dysplasia of the 
uterine cervix develops almost without excep- 
tion at the squamous-columnar junction,” so 
too with dysplastic lesions of the eye, which 
occur at the transition from conjunctival to 
corneal epithelium. This is thought to be 
caused by the increased mitotic activity in this 
area. Although in our two cases there was no 
involvement of the corneoscleral limbus, it is 
possible that the original abnormal cells may 
have had their origin at the corneoscleral lim- 
bus and subsequently became neoplastic after 
migration to the central cornea. This may ex- 
plain previously reported cases of isolated cor- 
neal intraepithelial neoplasia and also our two 





Fig. 4 (Cameron and Hidayat). Case 2. Acanthosis, 
hyperkeratosis, and parakeratosis of the corneal epi- 
thelium. Irregular masses of atypical squamous cells 
proliferate downward and invade the corneal stroma 
superficially. The deep portion of the neoplasm 
shows a horn pearl composed of concentric layers of 
squamous cells with increasing keratinization toward 
the center (hematoxylin and eosin, X 75). 


cases of squamous cell carcinoma of the cornea 
without limbal involvement. Lemp and 
Mathers” supported the theory that the corneo- 
scleral limbus is the major source of epithelial 
cell regeneration in the normal cornea and that 
there is normally a centripetal movement of 
epithelial cells. The pattern of epithelial iron 
lines, the central movement of epithelial white 
dots between sutures after penetrating kerato- 
plasty," and the vortex pattern in the corneal 
epithelium in many clinical conditions” all sup- 
port the theory of a centripetal sliding of cells 
from the corneoscleral limbus to the center of 
the cornea. 

Treatment in our patients consisted of super- 
ficial keratectomy and freeze-thaw cryotherapy 
in one patient and penetrating keratoplasty in 
the other patient. In the management of con- 
junctival intraepithelial tumors and squamous 
cell carcinoma, the combination of excision 
with superficial freezing resulted in a recur- 
rence rate less than that with excision or freez- 
ing alone." In the second patient, a penetrating 
keratoplasty was performed to remove the lo- 
calized tumor mass and to improve vision. Rose 
bengal 1% is helpful in delineating the abnor- 
mal epithelial cells before surgical treatment.” 
There has been no recurrence of either lesion or 
abnormal epithelial staining in both patients 
with a follow-up period of 46 and nine months, 
respectively. Conjunctival hyperemia regressed 
in both patients after removal of the corneal 
tumor. 

Ultraviolet light is thought to be the major 
etiologic factor in squamous cell carcinoma of 


574 AMERICAN JOURNAL OF OPHTHALMOLOGY 


May, 1991 


me 


the conjunctiva.” It also probably plays a major 
role in the development of primary squamous 
cell carcinoma of the cornea. Both tumors 
showed suggestions of actinic damage as mani- 
fested by hyperkeratosis and parakeratosis at 
the surface and more cellular atypia in the 
deeper layers. Climatic droplet keratopathy, 
frequently related to sun damage, was found in 
the cornea of the second patient. In our first 
patient, the left eye was probably more at risk 
from ultraviolet damage resulting from the 
buphthalmic globe. Poor vision in both eyes of 
both patients from other causes resulting in a 
delay in manifestation may also have been a 
risk factor for the development of this tumor. 
Late manifestation may have been a contribut- 
ing factor in the lesion progressing from actinic 
keratosis to microinvasive squamous cell carci- 
noma. 
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Varicella Disciform Stromal Keratitis 





Kirk R. Wilhelmus, M.D., M. Bowes Hamill, M.D., and Dan B. Jones, M.D. 


We treated five patients, aged 26, 4, 6,13, and 
7 years, who developed disciform stromal ker- 
atitis one, four, four, eight, and ten weeks, 
respectively, after the onset of the acute vesic- 
ular exanthema. Serologic testing confirmed 
recent varicella and excluded other infectious 
causes in two cases. After initial improvement 
with a topical corticosteroid, three patients 
developed recurrent corneal inflammation re- 
sembling zoster keratitis. These cases and 
previous reports indicate that varicella-zoster 
virus is a cause of disciform stromal keratitis 
that may occur and recur several weeks or 
months after the primary skin rash has re- 
solved. 


Ciickenrox is a diffuse vesicular skin rash, 
mainly affecting children, caused by primary 
infection with varicella-zoster virus.! The re- 
semblance of the cutaneous lesions to chick- 
peas probably gave rise to the term chickenpox 
to emphasize its mildness and similarity to 
smallpox, and its synonym varicella originated 
as a diminutive form of variola. The eye may be 
affected during, after, or rarely before the exan- 
thema. Among the possible ocular complica- 
tions of chickenpox are keratoconjunctivitis, 
uveitis, and neuro-ophthalmic changes.”° 

Few studies have determined the frequency 
or incidence of various ocular findings in 
patients with chickenpox. Over a one-year in- 
terval, Griffin and Searle’ found five of 125 
children (4%) with varicella who had conjunc- 
tivitis, one with a limbal lesion. In a two-year 
period, Kachmer, Annable, and DiMarco’ iden- 
tified 33 of 82 children (40%) with chickenpox 
who had ocular or eyelid involvement, includ- 
ing six (7%) with eyelid lesions, ten (12%) with 
punctate keratopathy, and 21 (26%) with iritis. 
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Of 24 children referred because of ocular symp- 
toms, Jordan, Noel, and Clarke” reported eyelid 
pocks and conjunctivitis as the most common 
findings, followed by uveitis and keratitis. We 
treated five patients with disciform stromal 
keratitis after chickenpox. 


Case Reports 


Case 1 

A 26-year-old woman was examined for de- 
creased vision and redness of the left eye. 
Without known contact with a rash illness, she 
had developed fever seven days previously, 
followed two days later by vesicular dermatitis 
beginning in the neck region with subsequent 
spread to the face, trunk, arms, and legs with- 
out localized involvement. Initial ocular signs 
and symptoms included left upper eyelid ede- 
ma, photophobia, and decreased vision. Slit- 
lamp biomicroscopy disclosed faint, patchy 
anterior stromal opacities with central disci- 
form stromal edema, fine cellular infiltration, 
and pseudo cornea guttata. The anterior cham- 
ber contained trace flare and rare cells. 

Treatment was begun with prednisolone ace- 
tate 1% five times daily and scopolamine hy- 
drochloride 0.5% three times daily. Improve- 
ment occurred within two days, and a tapering 
dose of topical corticosteroid was continued. 
Within ten days, visual acuity improved to 
20/20 with resolution of the stromal keratitis, 
which left a faint residual anterior stromal 
haze. 


Case 2 

A 4-year-old girl was referred for stromal 
keratitis four weeks after chickenpox. Mild con- 
junctival hyperemia with pseudoblepharopto- 
sis of the left eye had developed over the 
preceding ten days and had not responded to 
topical erythromycin ointment. Visual acuity 
was R.E.: 20/20 and L.E.: 20/400. Slit-lamp 
examination showed a well-demarcated disci- 
form stromal keratitis with localized edema, 
pseudo cornea guttata, and mild iritis. Serolog- 
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ic testing confirmed recent varicella and exclud- 
ed other causes of stromal keratitis. Four weeks 
after onset of the skin rash, varicella-zoster 
virus IgG was 1:16, herpes simplex IgM and IgG 
were not detectable (< 1:10), and Epstein-Barr 
viral capsid and nuclear IgGs were not detect- 
able. Six weeks later, the herpes simplex anti- 
bodies were still not detectable. The microhem- 
agglutination assay for Treponema pallidum was 
nonreactive. 

Topical prednisolone acetate 1% was begun 
four times daily. The patient improved over the 
next ten days with reduced stromal edema and 
infiltration, and visual acuity improved to 20/ 
30. The topical corticosteroid was gradually 
tapered over the subsequent four weeks, but 
increased corneal inflammation with iritis oc- 
curred when it was being administered once 
daily. As the topical corticosteroid dosage was 
subsequently reduced, increased central disci- 
form edema again recurred. Peripheral superfi- 
cial stromal vascularization and central scar- 
ring ensued and limited spectacle-corrected 
visual acuity to 20/60, which improved to 20/ 
20 with contact lens correction. Chronic corti- 
costeroid-dependent stromal keratouveitis re- 
sulted in prolonged use of daily prednisolone 
acetate 0.12% over the next four years. 


Case 3 

A 6-year-old girl developed sore throat, low- 
grade fever, and diffuse cutaneous lesions over 
her entire body including her face and periocu- 
lar region. Her 4-year-old sister had recently 
had a similar skin rash during a chickenpox 
outbreak at the day care center. Ocular symp- 
toms of photophobia and blurred vision began 
one month after the cutaneous lesions. Visual 
acuity was 20/40 in the affected eye because of 
central edema, diffuse stromal infiltration, and 
dendritic epithelial keratitis. 

Treatment was begun with trifluridine 1% 
and tobramycin 0.3%. Because of increasing 
stromal edema with visual acuity of 20/60, we 
changed treatment to dexamethasone 0.1%. 
Despite initial improvement, recurrent stromal 
keratitis occurred during the subsequent year 
whenever the topical corticosteroid was ta- 
pered. Residual corneal scarring limited visual 
acuity to 20/30. 


Case 4 

A 13-year-old girl developed chickenpox; 
two neighborhood children also developed 
chickenpox, one immediately preceding the pa- 
tient and one simultaneously. Eight weeks lat- 
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Figure (Wilhelmus, Hamill, and Jones). Case 4. 
Central disciform stromal keratitis occurring in a 
13-year-old girl eight weeks after varicella. 


er, well after all skin lesions had healed, the 
patient developed a red left eye. Initial treat- 
ment by her pediatrician with neomycin-poly- 
myxin B-bacitracin ointment did not help. Ocu- 
lar examination showed central nonnecrotizing 
disciform stromal keratitis with keratic precipi- 
tates and mild iritis (Figure). Serologic testing 
confirmed recent varicella and excluded other 
possible causes of stromal keratitis. Varicella- 
zoster virus antibody titers were tested 11 
weeks after onset of the skin rash; IgM was 
1:40, and IgG was 1:2,560. Seven weeks later, 
IgM was not detectable (< 1:20), and IgG was 
1:640. Other serologic tests performed at eight 
or 11 weeks after the skin rash were as follows: 
herpes simplex IgM not detectable (< 1:10); 
herpes simplex IgG not detectable (< 1:8); 
Epstein-Barr viral capsid IgG not detectable (< 
1:10); Epstein-Barr viral nuclear IgG not detect- 
able (< 1:4); adenovirus IgG not detectable (< 
1:8); mumps IgM not detectable; mumps IgG 
weakly positive (index = 1:3); mumps S anti- 
body not detectable (< 1:8); mumps V antibody 
not detectable (< 1:8); rubeola IgG not detect- 
able; rubella IgM not detectable; rubella IgG 
positive (index = 1:4); rapid plasma reagin 
nonreactive; microhemagglutination assay for 
T. pallidum nonreactive; Lyme disease IgM not 
detectable; and Lyme disease IgG not detect- 
able. 

Topical prednisolone phosphate 1% was be- 
gun every two hours with initial improvement 
in visual acuity from 20/100 to 20/25. The 
patient subsequently developed corneal anes- 
thesia with dendriform mucous plaques. Topi- 
cal corticosteroids were gradually tapered, but 
she continued to develop recurrent stromal ker- 
atitis during the next year, which required pro- 
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longed corticosteroid therapy. Visual acuity re- 
mained limited to 20/40 because of residual 
stromal opacification and neurotrophic epithe- 
lial changes. 


Case 5 

A 7-year-old girl developed a red left eye ten 
weeks after chickenpox. Central disciform stro- 
mal keratitis was noted, and initial treatment 
included prednisolone acetate 1% every two 
hours and cyclopentolate hydrochloride 1% 
twice daily. Visual acuity worsened to 20/200 
in the left eye because of a well-demarcated 
area of dense stromal edema with endothelial 
pseudo cornea guttata. Laboratory testing three 
months after the skin rash showed a nondetect- 
able herpes simplex virus type 1 IgG (< 1:10) 
and a varicella-zoster virus IgG titer of 1:16. 

After a four-week course of topical cortico- 
steroid therapy, visual acuity gradually im- 
proved to 20/25 in the left eye with a faint 
residual opacity. 


Discussion 


Viremia and the typical mucocutaneous exan- 
thema of varicella begin approximately two 
weeks after contact with an infected person. 
Self-limiting papules may appear in the mouth, 
pharynx, larynx, trachea, and gastrointestinal 
tract. Common ocular findings are eyelid vesi- 
cles or marginal erosions, acute conjunctivitis, 
and lesions resembling phlyctenules of the 
bulbar conjunctiva and semilunar fold. Humor- 
al and cellular immunity control viral replica- 
tion with spontaneous resolution of the skin 
and mucous membrane rash. 

Corneal changes are infrequent but can occur 
during the first week or two after the onset of 
chickenpox. Punctate epithelial keratitis has 
been described infrequently.’ More commonly 
noted is an acute, pustular subepithelial infil- 
trate at the corneoscleral limbus.°""""* Epitheli- 
al erosion and ulceration contribute to the pain- 
ful symptoms. A residual patch of peripheral 
corneal scarring with vascularization can re- 
main. 

Besides these focal, usually unilateral limbal 
infiltrates, a central superficial infiltrate with 
epithelial erosion can also occur." Faint sub- 
epithelial opacification occurs after spontane- 
ous healing, although extensive corneal scar- 
ring in early childhood has led to deprivation 
amblyopia.” Rarely, progressive necrotizing in- 
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flammation and iridocyclitis have progressed to 
corneal perforation and phthisis bulbi.” 

Nonnecrotizing, disciform stromal keratitis 
is an unusual complication of varicella.** Clini- 
cal features include interstitial haze caused by 
localized edema and cellular infiltration. A dis- 
coid pattern of noncoalescent inflammatory 
cells is outlined by a slightly denser annular 
border. Mild iritis, grouped keratic precipitates, 
and endothelial pseudo cornea guttata are ac- 
companying features. 

Disciform keratitis after varicella has been 
diagnosed previously with no gender predilec- 
tion, mainly in children (Table).”™ All cases 
have been unilateral and equally distributed 
between right and left eyes. These reports em- 
phasize the delayed onset of disciform keratitis, 
typically beginning several weeks after the ini- 
tial skin rash. 

Some of the reported cases of varicella stro- 
mal keratitis developed dendritic epithelial ker- 
atitis, characterized by gray, swollen epithelial 
cells in a nonulcerated, linear pattern similar to 
varicella-zoster virus dendrites. We also identi- 
fied dendritic epithelial keratitis in one patient 
and dendriform mucous plaques and filaments 
resembling postvaricella-zoster neurotrophic 
keratitis in another. Even though viral antigen 
and intracellular viral inclusions can be found 
in the corneal epithelium,*™ antiviral therapy 
is not apparently required for resolution. 

Recurrent stromal keratitis prolongs the clini- 
cal course for months or even years. Despite 
initial antiinflammatory control with topical 
corticosteroid therapy, some patients develop 
subsequent corneal inflammation during grad- 
ual corticosteroid dosage reduction. Stromal 
keratitis with residual corneal scarring, some- 
times leading to corneal transplantation,” is 
the principal reason for visual loss. Other com- 
plications of varicella disciform keratitis in- 
clude neurotrophic keratopathy,” iridocyclitis 
with secondary glaucoma,“ and iris stromal 
atrophy.” 

Because there are few distinguishing features 
among the various causes of disciform stromal 
keratitis, herpes simplex and other infectious 
causes must be considered. Serologic evalua- 
tion should exclude herpes simplex before con- 
cluding that recent varicella is causative rather 
than coincidental. For example, we have treated 
other patients with idiopathic stromal keratitis 
occurring a few weeks or months after varicella 
but could not establish a definite connection 
because of antibodies showing previous expo- 
sure to herpes simplex virus. 
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TABLE 
DATA ON 32 REPORTED CASES OF VARICELLA DISCIFORM STROMAL KERATITIS* 





STUDY 


Griter?® 


Pickard™ 
Gözcü’! 
Lowenstein?? 


Paufique, Chauviré, and 
Barut® and Paufique 
and Bonamour*. * 


Neame?’ 
Cavara? 
Frandsen” 


Cavara® 


Moulié and Gofanovich 
Baron” 


Thygeson, Hogan, and 
Kimura“ 


Gaud? 
Nesburn and associates“ 


Tessler and Krimmer*® 


Uchida, Kaneko, and 
Hayashi“ 


Meyer and Wolter*® 


Wilson 
Uchida” 


deFreitas and associates® 


Present series (Wilhelmus, 
Hamill, and Jones) 


CASE NO., 
AGE (YRS), 
SEX, EYE 


1, NA, NA, NA 
2, NA, NA, NA 
3, 10, M, R 

4, NA, NA, NA 
5,4, M, R 


6, 5, M, R 
7,4, F,R 
S, ¥,.F, 4 


9, 30, M, R 
10, 8, NA, R 
11, 6, FL 
12,5, M, R 
13, 7, F: NA 
14,9, M, R 


15, NA, NA, NA 
16, NA, NA, R 


MSFL 


18,11,M,R 
19, 7,M,R 


20,9) F, 4 


21,3,M,R 


22,9, M, R 
GRL 
Pa E E 
29; 7,M,L 


26, 6, F, NA 
27, 10, M, NA 
26, 26, F, L 
29,4, F,L 


30, 6, F, L 


ol, t9, F, Lb 


a i oe N 


ONSET AFTER 


SKIN RASH 


NA 
NA 
3 weeks 
NA 
10 days 


3 weeks 
3 weeks 
NA 


8 weeks 
NA 

3 weeks 
3 weeks 
NA 

8 days 


NA 
NA 


12 weeks 


2 weeks 
5 weeks 


13 weeks 


4 weeks 
10 weeks 
10 weeks 
5 weeks 


6 weeks 
8 weeks 
1 week 

4 weeks 


4 weeks 


8 weeks 


10 weeks 


CORTICOSTEROID 


Yes 


Yes 


COMPLICATIONS 


Secondary glaucoma 


NA 


Dendritic keratitis, 
recurrent stromal 
keratitis 


Dendritic keratitis 


Dendritic keratitis, 
recurrent stromal 
keratitis 


Dendritic keratitis, 
recurrent stromal 
keratitis 


Recurrent stromal 
keratitis, corneal 
graft rejection 


None 
Dendritic keratitis 
Dendritic keratitis 


Punctate epithelial 
keratitis 


Dendritic keratitis 
Dendritic keratitis 
None 


Recurrent stromal 
keratitis 

Dendritic keratitis, 
recurrent stromal 
keratitis 

Recurrent stromal 
keratitis, neuro- 
trophic keratopathy 

None 


VISUAL OUTCOME 





*NA indicates not available. 
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Increased IgM or increasing IgG titers can 
assist in the diagnosis of varicella. Heterolo- 
gous crossreactions are excluded if antiherpes 
simplex antibodies are not detected. Other 
causes of nonsuppurative stromal keratitis can 
be investigated with specific serologic tests for 
Epstein-Barr virus, mumps, syphilis, and Lyme 
disease. 

The pathogenesis of varicella keratitis is un- 
clear. As opposed to the limbal infiltrates that 
occur during or soon after the skin rash, the 
delayed onset of disciform stromal keratitis 
suggests an immunologic rather than infective 
reaction.” Perhaps viral antigen gains access to 
the corneal stroma or endothelium from pre- 
ceding epithelial infection or through limbal or 
aqueous routes during viremia. In a human 
subject, topical inoculation of chickenpox ve- 
sicular fluid to a blind eye produced kera- 
touveitis ten days later, but no inflammation 
occurred after subsequent rechallenge.” How 
viral and host factors interplay to produce stro- 
mal keratitis has not been determined. Because 
of the restraints of human experimentation, the 
sparse histopathologic material, and the limita- 
tions of animal models of varicella keratitis, 
further insights remain speculative. 

The role of topical corticosteroid therapy for 
viral stromal keratitis remains controversial. 
We administered a topical corticosteroid to our 
patients with varicella disciform stromal kerati- 
tis because of persistent or progressive corneal 
inflammation and edema. Apparent rapid im- 
provement was subsequently complicated by 
prolonged or recrudescent corneal inflamma- 
tion in three of these five cases. Although topi- 
cal corticosteroids can affect varicella keratitis 
and possibly predispose to occurrences,” we 
could not determine whether topical corticoste- 
roids prolonged the duration or benefited visu- 
al outcome. Systemic corticosteroids are avoid- 
ed because of possible dissemination. 

The value of antiviral agents in the treatment 
of varicella ocular disease has not been deter- 
mined. At the present time, we do not use 
topical antiviral prophylaxis during topical cor- 
ticosteroid therapy for varicella stromal kerati- 
tis. Although oral acyclovir reduces the dura- 
tion of viral shedding and fosters resolution of 
skin lesions during varicella, systemic antiviral 
agents have not been assessed for varicella 
corneal disease. 

These cases of disciform stromal keratitis 
show that varicella is a cause of stromal kerati- 
tis. Because the signs of varicella can be limited 
to a mild skin rash several weeks or months 


before corneal changes occur, diagnosis may be 
problematic. Clinical awareness of varicella 
keratitis is needed for appropriate evaluation of 
this potentially sight-limiting disease. 
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Visual Field Defects in Diabetic Patients With Primary 
Open-Angle Glaucoma 


John H. Zeiter, M.D., Dong H. Shin, M.D., and Nam H. Baek, M.D. 


We reviewed the automated visual field tests 
of 110 nondiabetic and 87 diabetic patients 
with primary open-angle glaucoma randomly 
selected from a large glaucoma practice to 
investigate a possible qualitative difference 
in the pattern of visual field defects between 
nondiabetic and diabetic patients with pri- 
mary open-angle glaucoma. A single reviewer 
analyzed, in masked fashion, the visual field 
tests of each patient and decided whether or 
not visual field defects were present mainly in 
the inferior half of the visual field. Of the 110 
nondiabetic patients, 40 (36.4%) had visual 
field defects located mainly in the inferior 
half of the visual field in one or both eyes, 
whereas 56 of the 87 (64.4%) diabetic patients 
had such defects. This difference was statisti- 
cally significant (P = .0001). We believe that a 
vascular factor, such as that attributable to 
diabetes mellitus, may influence glaucoma- 
tous optic nerve damage, thus causing a differ- 
ence in the pattern of visual field loss in 
patients with primary open-angle glaucoma. 


Tue most FREQUENT early specific visual field 
defects in glaucoma are circumscribed paracen- 
tral scotomas in the central visual field, usually 
within the Bjerrum area, which may eventually 
progress to arcuate scotomas. characteristic of 
nerve fiber bundle damage seen in patients 
with glaucoma.’ Glaucomatous visual field de- 
fects are more common in the superior half than 
in the inferior half of the visual field in patients 
with early to moderate primary open-angle 
glaucoma.” In many patients with primary 
open-angle glaucoma and diabetes mellitus, 
the inferior half of the visual field appears to be 
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more affected than the superior half. We inves- 
tigated possible qualitative differences in the 
visual field defects between diabetic and nondi- 
abetic patients with primary open-angle glau- 
coma. 


Patients and Methods 


We reviewed the charts of 485 nondiabetic 
and 495 diabetic patients randomly selected 
from a large glaucoma practice. Patients were 
included in the study if they had the following: 
primary open-angle glaucoma; no evidence of 
retinal abnormalities, including diabetic reti- 
nopathy, macular degeneration, and retinal 
vascular occlusion; and a reliable automated 
visual field test in at least one eye demonstrat- 
ing Aulhorn’s Stage 1, 2, or 3 visual field loss.’ 
In Stage 1, relative defects are seen in the 
arcuate area. Stage 2 shows spotlike deep de- 
fects still not connected with the blind spot; 
Stage 3 shows an arcuate scotoma, often with 
breakthrough into the nasal periphery, which 
produces a classic nasal step. We defined a 
reliable visual field test as one with fewer than 
30% fixation losses and fewer than 33% false- 
positive and false-negative errors on automated 
visual field testing.” These inclusion criteria 
avoided the possibility of selection bias during 
this initial screening. A total of 110 nondiabetic 
and 87 diabetic patients with primary open- 
angle glaucoma met the inclusion criteria for 
the study. 

A single reviewer analyzed, in masked fash- 
ion, the visual field tests for each eye and 
decided whether visual field loss was more 
severe in the inferior half of the visual field. 
Visual field defects were considered more se- 
vere in the inferior half if the pattern deviation 
plot showed at least three more contiguous 
totally black probability symbols (P = .005) in 
the inferior half of the visual field. If a patient 
had more than one visual field test per eye, then 
the reviewer analyzed the earliest reliable visu- 
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al field test that showed significant glaucoma- 
tous defects. If the first automated visual field 
test was not consistent with subsequent visual 
field tests, then the reviewer analyzed the sec- 
ond or third visual field test. If the visual field 
loss with a small stimulus size was complete or 
near complete and showed a preponderance of 
inferior or superior visual field loss with a 
larger stimulus size, then the reviewer analyzed 
the latter. 

After analyzing the automated visual field 
tests, the reviewer recorded the patient’s age, 
gender, and whether or not the patient had 
diabetes. If a patient had diabetes, the reviewer 
recorded the type (noninsulin-dependent dia- 
betes mellitus or insulin-dependent diabetes 
mellitus). 

Chi-square analysis was used for all statisti- 
cal calculations. 


Results 


In the nondiabetic group, there were 56 men 
and 54 women with a mean age of 67.2 + 10.9 
years (range, 35 to 87 years). In the diabetic 
group, there were 32 men and 55 women witha 
mean age of 68.3 + 8.9 years (range, 45 to 85 
years). Sixty-five patients had noninsulin-de- 
pendent diabetes and 22 patients had insulin- 
dependent diabetes. 

Of 110 nondiabetic patients with primary 
open-angle glaucoma, 40 (36.4%) showed de- 
fects located mainly in the inferior visual field 
in at least one eye, whereas 56 of 87 (64.4%) 
diabetic patients with primary open-angle 
glaucoma showed such visual field defects. This 
difference was statistically significant (P = 
.0001). Both men and women with primary 
open-angle glaucoma and diabetes had mainly 
inferior visual field defects significantly more 
often than the nondiabetic men and women 
with primary open-angle glaucoma (P = .0292 
and P = .0004, respectively). 

Of the 22 patients with insulin-dependent 
diabetes and the 65 patients with noninsulin- 
dependent diabetes, both groups had mainly 
inferior visual field defects significantly more 
often than nondiabetic patients with primary 
open-angle glaucoma (P = .0004 and P = .0024, 
respectively). Although a higher percentage of 
the patients with insulin-dependent diabetes 
than the patients with noninsulin-dependent 
diabetes had mainly inferior visual field defects 


(17 of 22, 77.3% compared with 39 of 65, 
60.0%), this difference was not statistically sig- 
nificant. 


Discussion 


The pattern of visual field loss in patients 
with primary open-angle glaucoma with and 
without diabetes showed a significant qualita- 
tive difference. Diabetic patients with primary 
open-angle glaucoma develop visual field de- 
fects mainly in the inferior half of the visual 
field more often than nondiabetic patients with 
primary open-angle glaucoma. Patients with 
primary open-angle glaucoma more commonly 
develop glaucomatous visual field defects in the 
superior half of the visual field.*” The prepon- 
derance of superior visual field defects in pa- 
tients with primary open-angle glaucoma may 
be caused by less connective tissue support and 
larger pores in the inferoperipheral region of 
the lamina cribrosa.” 

It is difficult to establish a specific mechanism 
by which diabetic patients with primary open- 
angle glaucoma develop defects mainly in the 
inferior visual field more often than nondiabet- 
ic patients with primary open-angle glaucoma. 
Several authors have suggested that vascular 
factors in addition to intraocular pressure may 
play an important role in the pathogenesis of 
glaucoma.” Unfortunately, it has been diffi- 
cult to prove how and to what extent these 
factors influence nerve fiber damage and visual 
field abnormalities typically seen in patients 
with glaucoma. We can only speculate that a 
vascular factor may play a role in the difference 
in the pattern of visual field loss between pa- 
tients with primary open-angle glaucoma with 
and without diabetes. Recently, investigators 
have found abnormally low capillary blood 
flow at the level of the optic nerve head in 
diabetic patients as compared to control sub- 
jects.” It is possible, then, that pathologic alter- 
ations in the microvasculature of the optic disk 
in diabetic patients with primary open-angle 
glaucoma may influence the pattern as well as 
the development of visual field loss in these 
patients. 

If a vascular factor such as that attributable to 
diabetes is responsible for an increase in the 
frequency of inferior visual field defects in 
patients with primary open-angle glaucoma 
and diabetes, then it is possible that this same 
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factor places these patients at an increased risk 
for visual field loss at a lower intraocular pres- 
sure than nondiabetic patients with primary 
open-angle glaucoma.” Also, patients with pri- 
mary open-angle glaucoma and other systemic 
vascular disease or patients who develop visual 
field defects from other known or suspected 
vascular disorders may show an increased fre- 
quency of inferior dominant visual field de- 
fects. The most frequent visual field defects in 
patients with nonarteritic anterior ischemic op- 
tic neuropathy are inferior altitudinal defects.” 
Additionally, diabetic patients with disk swell- 
ing more frequently demonstrate inferior visual 
field defects." ” 

Although defects located mainly in the inferi- 
or half of the visual field occurred in 56 of 87 
(64.4%) patients with primary open-angle 
glaucoma and diabetes, the remaining patients 
were not so affected. Therefore, there appears 
to be a spectrum of visual field defects involv- 
ing varying amounts of the inferior and superi- 
or halves of the visual field. This considerable 
variation in the amount of inferior compared 
with superior visual field damage may be 
caused by variations in glucose control, dura- 
tion of diabetes, extent of peripheral vascular 
disease, or any number of other factors that are 
difficult to control in a retrospective study. 

Although we did not control for age in our 
randomly selected groups of patients with pri- 
mary open-angle glaucoma, the mean ages of 
patients with and without diabetes were simi- 
lar. The numbers of nondiabetic men and wom- 
en with primary open-angle glaucoma were 
also similar, but there were nearly twice as 
many women as men with primary open-angle 
glaucoma and diabetes. This preponderance of 
women with primary open-angle glaucoma and 
diabetes has been reported by Cristiansson.” 
We found no significant difference between the 
numbers of men and women with primary 
open-angle glaucoma with or without diabetes 
who developed inferior dominant visual field 
defects. 

The increased frequency of defects mainly in 
the inferior visual field was significant for both 
patients with primary open-angle glaucoma 
and insulin-dependent diabetes and patients 
with primary open-angle glaucoma and nonin- 
sulin-dependent diabetes. If a vascular factor 
such as that attributable to diabetes is responsi- 
ble for the difference in location of visual field 
defects among patients with primary open- 
angle glaucoma, one might expect the patients 
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with insulin-dependent diabetes to show inferi- 
or visual field defects more often than those 
with noninsulin-dependent diabetes, since pa- 
tients with insulin-dependent diabetes have a 
higher risk of systemic vascular disease than 
patients with noninsulin-dependent diabetes.” 
Our data show that a higher percentage of 
patients with primary open-angle glaucoma 
and insulin-dependent diabetes had inferior 
visual field defects than patients with primary 
open-angle glaucoma and noninsulin-depend- 
ent diabetes, but this difference was not statisti- 
cally significant. This may be because of the 
small sample size of patients with primary 
open-angle glaucoma and insulin-dependent 
diabetes. 

When examining patients with both diabetes 
and primary open-angle glaucoma, it is impor- 
tant to differentiate between visual field defects 
caused by the retinal microvascular changes of 
diabetes” and those caused by the optic nerve 
damage of primary open-angle glaucoma. Al- 
though we excluded all patients with ophthal- 
moscopic evidence of retinopathy, Roth” re- 
ported that 32 of 66 (49%) diabetic patients 
without glaucoma and without clinical evi- 
dence of retinopathy showed relative isolated 
scotomas, presumably caused by localized are- 
as of capillary closure visible only by fluoresce- 
in angiography. Such visual field defects in 
diabetic patients with minimal or no retinopa- 
thy tend to be localized in the superior quad- 
rants of the visual field.” Therefore, the inferior 
visual field defects seen in the patients with 
primary open-angle glaucoma and diabetes in 
our study are more likely secondary to glauco- 
matous optic nerve damage rather than subclin- 
ical diabetic retinopathy. 
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Blood-Cell Velocity in the Nailfold Capillaries of Patients 
With Normal-Tension and High-Tension Glaucoma 





Paul Gasser, M.D., and Josef Flammer, M.D. 


We compared the capillary blood-cell veloc- 
ity in the fingertips of 30 patients with high- 
tension glaucoma, 30 patients with normal- 
tension glaucoma, and 30 control subjects by 
nailfold capillaroscopy. There were no meas- 
urable differences in the morphologic find- 
ings. The blood-flow velocity, however, was 
reduced significantly in the patients with nor- 
mal-tension glaucoma compared with the con- 
trol subjects (P < .05). This difference was 
especially pronounced after cold provocation 
(P < .0005). After cooling, 25 of 30 patients 
with normal-tension glaucoma had a blood 
standstill of 12 seconds or more, whereas only 
three of 30 control subjects and four of 30 
patients with high-tension glaucoma had a 
measurable blood standstill. 


Giaucoma is phenomenologically character- 
ized by progressive excavation of the optic 
nerve head and visual field defects. The mecha- 
nisms that lead to the damage of the optic nerve 
head are not well understood. Clinical studies 
indicate that besides increased intraocular 
pressure, other factors might be involved. In 
addition to age, demographic, and genetic fac- 
tors, mainly vascular and rheologic factors have 
been described.'’ An association between glau- 
coma and migraine’ as well as between glauco- 
ma and peripheral circulation”” has been re- 
ported. We compared the nailfold capillary 
blood flow under baseline conditions as well as 
after local warming and cooling in patients 
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with normal-tension glaucoma, patients with 
high-tension glaucoma, and control subjects. 


Patients and Methods 


We studied 30 patients with normal-tension 
glaucoma, 30 patients with high-tension glau- 
coma, and 30 control subjects (Table 1). Nor- 
mal-tension glaucoma was defined as typical 
optic nerve head excavation and visual field 
defects with an untreated mean intraocular 
pressure of less than 21 mm Hg and a peak 
intraocular pressure of less than 25 mm Hg 
based on several diurnal pressure curves. High- 
tension glaucoma was defined as optic nerve 
head excavation and visual field defects with an 
untreated mean intraocular pressure greater 
than 24 mm Hg at repeated measurements. 

We included patients with normal-tension 
glaucoma referred by other ophthalmologists to 
the University Eye Clinic during 1989 for clini- 


TABLE 1 
DEMOGRAPHIC DATA AND CLINICAL BACKGROUND OF 
CONTROL SUBJECTS AND PATIENTS* 


PATIENTS WITH PATIENTS WITH 


CONTROL HIGH-TENSION NORMAL-TENSION 
SUBJECTS GLAUCOMA GLAUCOMA 
(N = 30) (N = 30) (N = 30) 
Sex (female: 18:12 17:13 16:14 
male) 
Age (years) §9.2+127 586+ 119 60.6 + 11.7 
Pulse rate, 74.0 + 14.5 73.0 + 12.6 74.2 + 10.1 
sitting (per 
minute) 
Systolic blood 132.8 + 20.4 127.1 + 155 131.6 + 23.9 
pressure, 
sitting (mm Hg) 
Diastolic blood 82.8 + 9.2 82.3 + 9.7 82.5 + 13.1 


pressure, 
sitting (mm Hg) 


*Values given are mean + standard deviation. 
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cal examination. The conditions were either 
newly diagnosed (20 of 30 patients) or the 
patients had progressive visual field loss (ten of 
30). Five patients were taking beta-blockers, 
even though their intraocular pressure had nev- 
er been increased. 

For each patient with normal-tension glauco- 
ma included, a patient with high-tension glau- 
coma and a control subject of the same age were 
selected. The patients with high-tension glau- 
coma were also referred to us by other ophthal- 
mologists for examination because of increased 
intraocular pressure despite treatment, pro- 
gressing visual field loss, or both. All patients 
were taking antiglaucoma medication, includ- 
ing beta-blockers (25 of 30), miotics (17 of 30), 
or epinephrine derivatives (five of 30). The 
systemic carbonic anhydrase-inhibitor therapy 
(four of 30) was discontinued for at least 14 
days before the test. 

The control group consisted of 11 staff mem- 
bers of the hospital and 19 patients referred to 
us for cataract surgery. They all had normal 
intraocular pressure and normal-appearing op- 
tic nerve heads. 

Exclusion criteria for all groups were mi- 
graine, anemia, cardiovascular diseases, sys- 
temic hypertension and hypotension, diabetes 
mellitus, and collagen or vascular disorders. 
The three groups were matched by age. Blood 
pressure and pulse rate were influenced by the 
exclusion criteria. The three groups, however, 
resembled each other in this respect merely by 
chance. None of the subjects had been taking 
any systemic medication for at least two weeks 
before the examination. 

The nailfold capillaries were studied with the 
help of an incident-light microscope attached 





to a television monitor.” To measure the di- 
ameter of the capillaries, photographs were 
taken from the monitor. To measure the capil- 
lary blood-cell velocity, the television pictures 
were videotaped and analyzed during playback 
by the flying-spot technique as previously de- 
scribed.’*» 

The examinations were performed in a room 
with a constant temperature of 23 C. Before 
participating in the investigation, the subjects 
were acclimatized in this room for 30 minutes. 
Thereafter, the videotape pictures were made to 
measure the morphologic variables. Then, the 
baseline blood-cell velocity was measured. Af- 
ter immersion of the fingertip in a warm-water 
bath of 40 C for three minutes, the second 
reading was performed. The third measurement 
was made after cooling the observed skin area 
for 60 seconds by blowing decompressed car- 
bon dioxide of approximately —15 C over the 
nailfold. The fourth and the fifth measurements 
were made after spontaneous recovery periods 
of one and two minutes, respectively.” In cases 
where the blood flow ceased during local cool- 
ing, the duration of the blood-flow standstill 
was measured in seconds. Such cases are called 
vasospastic."! 


Results 


To illustrate examples of the effect of cooling, 
photographs were taken from the videomonitor 
(Fig. 1). The morphologic characteristics of the 
individual capillaries were similar in the three 
groups. The arterial, venous, and crest diame- 
ters as well as the width of the loop were not 





Fig. 1 (Gasser and Flammer). Photographs taken from the videomonitor demonstrating the nailfold capillaries 
after cold provocation. Left, A control subject with normal circulating erythrocytes. Right, Blood standstill and 
segmentation of the blood-cell column caused by flow stop after cooling (cold-induced vasospasm) in a patient 


with normal-tension glaucoma. 
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TABLE 2 
MORPHOLOGIC FINDINGS ON NAILFOLD 
CAPILLARIES* 


PATIENTS WITH 


PATIENTS WITH 


CONTROL HIGH-TENSION NORMAL-TENSION 
SUBJECTS | GLAUCOMA GLAUCOMA 
Diameter (um) 
Arteriolar Hiszi NAS 10.6 + 1.8 
Venular 130 £25 13.3 £ 2.3 12.7 + 2.0 
Crest 160434 163+ 3.5 16.5 + 2.9 
Width 34.3 + 5.8 33.9 + 6.3 32.8 + 5.1 
Capillary density 
(number of nail- 6.8 +1.22 60+1.5 7.1 + 1.8 


fold capillary 
loops per mm)t 


*Values given are mean + standard deviation. 
tSignificance level between control subjects and patients with 
high-tension glaucoma, P = .026. 


significantly different (Table 2). The capillary 
density was slightly smaller in the high-tension 
glaucoma group than in the control group, 
which was statistically significant (P = .026). 
The capillary density in the normal-tension 
glaucoma group, however, was not significantly 
different from that in the control group. 

The control group showed the well-known 
increase in the mean capillary blood-cell veloc- 
ity after warming and a decrease after cooling 
the fingertip and during the recovery (Fig. 2). 
The patients with high-tension glaucoma 
showed the same basic dynamics (Fig. 2). In 
most instances, the patients with high-tension 


i mm/s 


v1 v2 v3 v4 vs 
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Fig. 2 (Gasser and Flammer). Blood-flow velocities 
of control subjects, patients with high-tension glau- 
coma (HTG), and patients with normal-tension glau- 
coma (NTG) at baseline (V1), after the warm-water 
bath (V2), after cooling (V3), and after recovery (V4 
and V5). 


glaucoma had on the average a slightly slower 
capillary blood-cell velocity, although these 
differences were not statistically significant. 
The reduction of the capillary blood-cell ve- 
locity, however, was more pronounced in the 
normal-tension glaucoma group. The differenc- 
es from the control subjects were statistically 
significant in all instances (P < .05), especially 
after cold provocation (P < .0005). Three con- 
trol subjects and four patients with high-ten- 
sion glaucoma had a measurable blood-flow 
standstill (Fig. 3). Of the 30 patients with nor- 
mal-tension glaucoma, however, only five pa- 
tients had no blood-flow stop and 25 patients 
had a clear blood-flow standstill, the duration 
of which ranged between ten and 95 seconds. 


Discussion 


The peripheral blood flow in patients with 
high-tension and normal-tension glaucoma 
might be different from that in normal subjects. 
The capillary blood-cell velocity was on the 
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Fig. 3 (Gasser and Flammer). Duration (in seconds) 
of cold-induced blood-flow standstill in the control 
subjects, patients with high-tension glaucoma 
(HTG), and patients with normal-tension glaucoma 
(NTG). 
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average slightly slower in the patients with 
high-tension glaucoma than in normal control 
subjects, although this difference was not sta- 
tistically significant. The normal-tension glau- 
coma group, however, had a more pronounced 
and statistically significant decrease in the cap- 
illary blood-cell velocity. The difference from 
the control subjects was especially evident after 
the cold provocation. The most striking finding, 
however, was the difference in blood-flow 
standstill after cooling. In this respect, patients 
with high-tension glaucoma and control sub- 
jects were essentially the same. The patients 
with normal-tension glaucoma, however, had a 
clear and statistically significant difference in 
blood-flow standstill. 

It is difficult to know how much the popula- 
tion tested is representative of the total popula- 
tion. All the patients selected from our clinic 
were referred by other ophthalmologists. Some 
of these ophthalmologists knew that we had a 
special interest in vasospastic disorders. There- 
fore, we cannot exclude the possibility that the 
proportion of vasospastic cases in the popula- 
tion tested was slightly higher than that in an 
average population. 

Nevertheless, these findings indicate that a 
pathologic vascular reaction called a vasospas- 
tic disorder’ most probably occurs more often 
in patients with normal-tension glaucoma than 
in control subjects or patients with high-ten- 
sion glaucoma. This supports the hypothesis 
that vasospasm may be involved in the patho- 
genesis of normal-tension glaucoma.!®*! These 
findings are in agreement with the observations 
of Drance and associates’ and may have major 
therapeutic implications. It is possible that 
treatment of this vasospastic disorder may be 
beneficial to patients with normal-tension glau- 
coma, as has been previously reported.'*?! 
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In Vitro Videographic Comparison of Argon and Nd:YAG 


Laser Iridotomy 
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Bruce E. Prum, Jr., M.D., Steven R. Shields, M.D., M. Bruce Shields, M.D., 
Dyson Hickingbotham, and David B. Chandler, B.S. 


We used an in vitro technique with high- 
magnification video recording to evaluate 
from the posterior side of the iris the immedi- 
ate sequence of events during argon and 
Nd:YAG laser peripheral iridotomy. The ob- 
served effects differed strikingly. The argon 
laser caused a gradual mounding up of iris 
pigment epithelium with each successive en- 
ergy application before final penetration. This 
effect was reduced but not eliminated with 
higher power levels. The Nd:YAG laser caused 
complete disruption and dispersal of the pig- 
ment epithelium with a single pulse of ener- 
gy. Additionally, a multiple focal point con- 
figuration of the Nd:YAG laser was observed to 
produce a significantly larger iridotomy than 
a single focal point configuration for compara- 
ble energy settings. These observations may 
in part explain the observed clinical advan- 
tage of the Nd:YAG laser over the argon laser 
for creation of a patent iridotomy. 


Laser suRGICAL IRIDOTOMY has replaced inci- 
sional surgical iridectomy as the procedure of 
choice in the treatment of primary angle- 
closure glaucoma. During the 1970s, contin- 
uous-wave argon laser was most commonly 
used. In the 1980s, the Nd:YAG laser was intro- 
duced and was found to have a number of 
advantages over the argon laser. Among the 
advantages cited are the following: a much 
lower closure rate of initially patent iridoto- 
mies; the ability to penetrate the iris easily 
regardless of color; a shorter treatment time 
required with fewer laser applications and less 
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total energy delivery; reduced pupillary distor- 
tion and iritis; and increased patient comfort 
and tolerance for the procedure." 

Comparative studies of argon and Nd:YAG 
laser iridotomies have been limited to visuali- 
zation of the anterior iris surface in clinical 
situations and to time-limited histologic speci- 
mens with the potential for fixation artifacts. 
Clinical studies have disclosed a closure rate of 
argon laser iridotomies between 16% and 
35%,!® whereas Nd:YAG laser iridotomies usu- 
ally close only in cases of iris neovasculariza- 
tion or uveitis.’ These observations have been 
postulated to result from the difference in ener- 
gy delivery of the two lasers and the subsequent 
proliferation of remaining iris pigment epitheli- 
al cells left at the posterior side of the iridotomy 
opening.’ To add further understanding to this 
question, we performed a videographic com- 
parison of the real-time effects of argon and 
Nd:YAG laser iridotomy on the posterior iris in 
human autopsy eyes. 





Material and Methods 





Our video recording system is similar to pre- 
viously described techniques of Miyake and 
Miyake® and Apple and associates” for posterior 
photography in human autopsy eyes. A long- 
distance microscope was mounted on a porta- 
ble slit lamp to give par focal illumination. 
A black-and-white, charged-coupled device, 
high-resolution video camera was mounted on 
a 32-mm objective at the viewing port of the 
microscope. A video recorder and monitor cap- 
tured images of the laser effects. This apparatus 
was placed near the laser to allow real-time 
viewing of the posterior iris during laser iridot- 
omy with a X90 magnification. 

Human autopsy eyes were obtained from the 
local eye bank and used within 12 to 48 hours 
after enucleation. Only phakic eyes without 
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previous iridotomies were used. The globe was 
trimmed of adherent conjunctiva, extraocular 
muscles, and fat and was fixed securely with 
cyanoacrylate glue in a Plexiglas plate with 
cornea, corneoscleral limbus, and a small 
amount of sclera protruding through the open- 
ing in the plate. With the cornea side down, the 
posterior segment was cut flush to the plate 
with Westcott scissors, leaving vitreous within 
the remaining anterior segment. The lens zon- 
ules were severed with a surgical blade, and the 
lens was removed with forceps without disturb- 
ing the iris. Saline was added to the remaining 
vitreous in the anterior segment to fill it up to 
the scleral rim, and a square glass slide was 
placed carefully over the cut portion of the eye 
to avoid trapping air under the slide. The slide 
was then cemented to the plate to create a 
watertight seal and to allow a clear view of the 
posterior iris. Next, the preparation was turned 
over with the cornea placed upward. The cor- 
nea was removed at the corneoscleral limbus 
with Westcott scissors to improve visualization 
of the anterior iris. A Plexiglas ring was then 
cemented to the plate around the open anterior 
segment; the resulting well was filled with 
saline; and another square glass slide was se- 
cured over the ring to create an artificial ante- 
rior chamber. The entire anterior segment prep- 
aration was then mounted at the argon or 
Nd:YAG laser in the usual anteroposterior ori- 
entation of a patient for delivery of laser energy 
to the anterior iris. Video recordings were made 
from the posterior side of the iris with the 
previously described system. 

For creation of iridotomies, no contact lens 
was used. Laser energy was delivered directly 
through the glass slide to the anterior side of 
the iris in the preparation mounted at the laser. 
A continuous-wave argon laser was used for the 
argon laser iridotomies. To penetrate the iris 
stroma, settings of 500, 1,000, or 1,500 mW 
with a 50-um spot size and 0.1-second duration 
were chosen, and sufficient pulses were deliv- 
ered to reach the iris pigment epithelium. To 
penetrate the pigment epithelium, 1,000-mW, 
100-um spot size, and 0.1-second duration set- 
tings were used, and sufficient pulses were 
delivered to create a patent iridotomy as viewed 
anteriorly by the surgeon. A pulsed Nd:YAG 
laser was used for the Nd:YAG laser iridoto- 
mies. Settings included a 12-nsec duration, no 
offset between the aiming and therapeutic 
beams, and energy settings of 5.7, 9.8, and 14.5 
mJ. Fundamental mode (single focal point con- 
figuration with approximately 7-~m spot size) 


and multimode (multiple focal point configura- 
tion with approximately 70-ym spot size) set- 
tings were compared at each of the energy 
levels studied, along with one, two, and four 
pulses per burst. Both argon and Nd:YAG laser 
iridotomies were performed on the same eyes to 
control for variability between specimens. 

To quantify more precisely the effects of the 
argon laser and fundamental mode and multi- 
mode settings on the Nd:YAG laser in disrupt- 
ing the iris pigment epithelium, the area of the 
iris transillumination defects created by the 
laser pulses was measured on the posterior iris 
surface. Video images of iris transillumination 
defects were enhanced and the area of these 
defects was calculated using a JAVA (Jandel 
Scientific, Cortes Madera, California) computer 
video image analysis program. 





Results 





Dynamic in vitro recording of argon and 
Nd:YAG laser iridotomies disclosed striking 
differences in the effects of the two lasers on the 
iris pigment epithelium. The Nd:YAG laser 
caused an instantaneous and explosive disrup- 
tion of the epithelial layer with a marked back- 
ward and forward movement of the entire iris at 
the moment of laser impact. Multiple small 
clumps of pigment epithelium were seen to 
shoot rapidly away from the treatment site and 
rain down in the vitreous and saline behind the 
iris (Fig. 1). The resulting iris defects, although 
often with jagged edges, showed complete ab- 
sence of pigment epithelium at the iridotomy 
site. This effect was seen at all energy settings 
but was most pronounced with the multimode 
setting at 14.5 mJ for four pulses per burst. At 
lower energy settings of 5.7 and 9.8 mJ and one 
or two pulses per burst in the fundamental 
mode, the iris transillumination defects were 
smaller than those created with the same set- 
tings in multimode (Fig. 2). The measured areas 
of transillumination defects were compared 
with the various settings at one and two pulses 
per burst (Table). These differences were essen- 
tially negated at four pulses per burst for either 
fundamental mode or multimode at any energy 
setting, with the defects ranging from 2.2 to 3.2 
mm‘ in size. 

By contrast, argon laser iridotomies with 
stromal settings at 500 mW, 50-pm spot, 0.1 
second caused gradual contraction of the iris 
pigment epithelium into a small mound at the 
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Fig. 1 (Prum and associates). Left, View of posterior iris immediately after Nd:YAG laser impact at 5.7 mJ, two 
pulses per burst in multimode with iridotomy transilluminated (large arrow). Right, an instant later (large arrow 
indicates iris pigment epithelial defect). Note the small clumps of pigment epithelium suspended in the saline 
behind the iris that progressively stream downward in the time elapsed. Small arrows indicate ciliary processes. 


site of the eventual iridotomy opening. Pigment 
was not dispersed as the laser penetrated first 
the stroma and then the epithelial layer at 
settings of 1,000 mW, 100-ym spot, 0.1 second. 
The pigment remained mounded up at the pos- 
terior edge of the iridotomy opening, which 
measured 0.7 mm? and appeared able to fall 
mechanically into the opening or migrate over 
it (Fig. 3). At the higher settings of 1,500 mW, 
50-u~m spot, 0.1 second, penetration of the 





Fig. 2 (Prum and associates). View of posterior iris 
with transillumination showing four Nd:YAG iridot- 
omies created at 5.7 mJ, one pulse per burst, in 
multimode (1) and fundamental mode (2) (defect 
obscured by cloud of pigment in this frame), and two 
pulses per burst, in multimode (3) and fundamental 
mode (4). The radially oriented ciliary processes 
(large arrow) and iris folds are also seen. 


stroma required fewer applications and was 
associated with much less mounding up of 
pigment epithelium around the posterior edge 
of the iridotomy opening. Pigment epithelial 
perforation was achieved with an average of 
five additional applications, and the resulting 
iridotomy was 1.5 mm’, although the pigment 
remained in small clumps around the posterior 
edge of the iridotomy (Fig. 4). 





Discussion 





Miyake and Miyake® described a technique 
for 16-mm cinematography of posterior cham- 
ber intraocular lens haptic fixation in human 
cadaver eyes. Apple and associates’ subse- 
quently described an expanded technique for 
posterior visualization, which included video- 
tape recording, 35-mm still photography, and 


TABLE 
AREA OF ND:YAG TRANSILLUMINATION DEFECTS (mm?) 


a EE 





FUNDAMENTAL MODE MULTIMODE 
1 PULSE 2 PULSES 1 PULSE 2 PULSES 
PER BURST PER BURST PER BURST PER BURST 
5.7 mJ 0.04 0.29 0.87 1.52 
9.8 mJ 0.07 0.34 1.01 1.49 
14.5 mJ 0.61 0.90 0.60 1.61 
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Fig. 3 (Prum and associates). Posterior view of 
argon laser iridotomy created with settings at 500 
mW, 50-pm spot, 0.1 second. Note the large mound 
of pigment epithelium (large arrow) around the iri- 
dotomy opening created at this energy setting. Radial 
iris folds and the edge of several ciliary processes 
(small arrows) are also seen. 


high-magnification zoom stereomicroscopy. 
They used this technique to observe and teach 
cataract surgery, with focus on the zonules and 
posterior capsule during extracapsular cataract 
extraction or phacoemulsification, and to eval- 
uate design, insertion, and positioning of new 
intraocular lenses and insertion devices. 

Our apparatus for video acquisition is similar 
to that of Miyake and Miyake’ and has enabled 
us to obtain unique, high-magnification, dy- 
namic views of the posterior iris during laser 
iridotomy. Using an anterior segment iris prep- 
aration from human autopsy eyes, we com- 
pared the real-time effects of argon and Nd: 
YAG lasers on the iris pigment epithelium dur- 
ing laser iridotomy. Our system lacks color 
video and still photography, but the black-and- 
white video resolution at high magnification is 
excellent for quantitative and qualitative evalu- 
ations of laser effects. 

The system is also limited because it does not 
fully reproduce the clinical setting, since the 
cornea has been removed from the autopsy 
eyes, and no contact lens was used to focus the 
laser energy. Nevertheless, our technique has 
been useful in evaluating real-time effects of 
laser iridotomies as viewed from the posterior 
iris surface. 

Clinical investigators have observed a much 
higher rate of iridotomy closure with the argon 
laser as compared to the Nd:YAG laser.” Al- 
though the occluded iridotomy can usually be 
reopened easily, it nevertheless subjects the 
patient to the risk of an acute angle-closure 





Fig. 4 (Prum and associates). Posterior view of 
argon laser iridotomy created at settings of 1,500 
mW, 50-um spot, 0.1 second. Small clumps of pig- 
ment epithelium surround the iridotomy (large ar- 
row). The ends of two ciliary processes are seen 
(small arrows). 


attack and the need for further laser surgery. 
Theories regarding the increased closure rate of 
argon laser iridotomies have been based on 
clinical and histologic observations. Robin and 
Pollack’ theorized that the thermal energy of 
the argon laser disrupts iris pigment epithelial 
cells and stimulates proliferation, whereas the 
shock wave of the Nd:YAG laser disrupts and 
jars loose the surrounding pigment epithelium, 
which leaves few bordering cells to proliferate 
and close off the iridotomy opening. Histologic 
evaluation in humans, monkeys, and rabbits 
has shown closure of iridotomies by bridging 
iris pigment epithelium.>*” 

Our study showed a marked difference in the 
way the epithelial layer reacts dynamically to 
the energy delivery of the two lasers. With 
low-energy argon laser settings, the iris pig- 
ment epithelial layer contracts slowly with each 
successive laser application into an elevated 
mound beneath the developing iridotomy. Fi- 
nally, the argon beam penetrates the epithelial 
layer but does so directly through the large 
mound of pigmented tissue without much evi- 
dent disruption. One can postulate that this 
tissue might dislodge mechanically at a later 
date to obstruct the iridotomy in the in vivo 
setting. Alternatively, because of its close prox- 
imity to the opening, the iris pigment epitheli- 
um might actually proliferate or migrate across 
the opening in association with a scarring / 
healing reaction. With higher-energy argon la- 
ser settings, the mounding up of pigment epi- 
thelium is not as pronounced. Theoretically 
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this occurs because the epithelial layer tissue 
has less time to contract centripetally around 
the iridotomy site before the laser beam pene- 
trates the iris to form a patent iridotomy. Never- 
theless, small clumps of pigment epithelium are 
seen around the posterior edges of the iridoto- 
my even at the higher energy settings, which 
could also obstruct the iridotomy mechanically. 

Based on our findings, one might expect low- 
er-energy argon laser iridotomies to close more 
frequently than higher-energy laser iridoto- 
mies. Clinically, one can usually reduce the risk 
of closure of the argon laser iridotomy by creat- 
ing a large opening, which is less likely to be 
obstructed by the pigment epithelium. The in- 
creased number of laser applications that this 
usually requires, however, increases the poten- 
tial for damage to cornea, iris, lens, and retina, 
as well as the risk of intraocular pressure in- 
crease and iritis. It may be that higher energy 
settings with fewer total applications would 
reduce the chances of iridotomy closure with- 
out increasing the potential for the other com- 
plications, although further clinical study is 
needed to confirm this. 

In contrast to the argon laser, the Nd:YAG 
laser caused marked disruption of the iris pig- 
ment epithelium with complete, focal ejection 
of the tissue from the site of laser application. 
The pigment epithelium was seen to shoot rap- 
idly away from the posterior iris at the moment 
of laser impact, which left a variably jagged- 
edged but complete iris defect without the for- 
mation of a small mound or residual clumps of 
pigment epithelium around the iridotomy 
opening, as was seen with use of the argon 
laser. 

Rodrigues and associates’ noted that in hu- 
man eyes there is minimal evidence of inflam- 
mation around Nd:YAG iridotomies, and they 
have postulated that this relative lack of inflam- 
matory response, compared to the severe re- 
sponse seen around argon laser iridotomies, 
may explain the lower rate of subsequent reac- 
tive fibrosis and closure of the Nd:YAG iridoto- 
mies. Goldberg, Tso, and Mirolovich” con- 
firmed these histologic findings in human eyes. 
Our findings, however, are more consistent 
with the theory of Robin and Pollack,’ who 
postulated that argon laser energy may change 
iris pigment epithelial cells and stimulate cell 
proliferation, whereas Nd:YAG laser energy 
jars cells away from the iridotomy site. Al- 
though in our system we cannot see cellular 
changes that might stimulate cell proliferation, 


we do see the striking differences in dynamic 
changes of the iris pigment epithelium at and 
surrounding the iridotomy site during argon 
and Nd:YAG treatments. 

We also compared the sizes of iris transillu- 
mination defects created with a single laser 
application in the fundamental mode and mul- 
timode settings of the Q-switched Nd:YAG la- 
ser. At the lowest energy settings of 5.7 and 9.8 
mJ with one and two pulses per burst, the 
multimode produced openings that were sever- 
alfold larger than those created by comparable 
settings with the fundamental mode. However, 
the differences were negligible with higher en- 
ergy levels or with four pulses per burst. These 
dynamic in vitro comparisons suggest that an 
adequate iridotomy can be created with energy 
settings of approximately 6 to 8 mJ and two 
pulses per burst in the multimode setting. 

The forceful and complete dislodging of the 
pigment epithelium caused by the explosive 
effect of the Nd:YAG laser contributes signifi- 
cantly to the long-term patency of these iridoto- 
mies. In contrast, the pigment epithelium at the 
argon laser iridotomy site is in a position to 
allow for closure by whatever that mechanism 
may be. 
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OPHTHALMIC MINIATURE 

Still one more point about Lincoln that concerns his eyes. To my 
grandmother, who once wished to show him the flowers in her front yard, 
he said: “I will look at your flowers, mother, but I really cannot understand 
what people see to admire in such things. I am somehow deficient.” From 
this I have often suspected that Lincoln was color-blind. He would often 
enough, in conversation and in public speeches, refer to the sunset, the 
flowers, and so on, but only, as it seemed, because these matters appeared 


beautiful to others. 


Thomas Hall Stastid, My Father Knew Lincoln 


The Nation 128:228, 1929 
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Scleral Buckling for Rhegmatogenous Retinal Detachment 


Associated With Severe Myopia 
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From Jan. 1, 1980, to Dec. 31, 1989, we per- 
formed scleral buckling surgery on 48 eyes of 
46 patients for rhegmatogenous retinal de- 
tachments associated with severe myopia 
(greater than 5.00 diopters). Forty eyes of 38 
patients were observed for at least six months, 
and the mean follow-up period was 46 
months. Intraoperative complications oc- 
curred in four of 48 eyes (8%) and included 
retinal incarceration (two eyes), choroidal 
hemorrhage (one eye), and choroidal detach- 
ment (one eye). Three of the 40 eyes (7.5%) 
followed up for more than six months 
developed a recurrent retinal detachment and 
underwent a revision of the scleral buckle. At 
the last follow-up examination, the retinas of 
all 40 eyes were totally reattached. Final visu- 
al acuity of 20/40 or better was attained in 26 
of 40 eyes (65%). Because of the low rate of 
intraoperative complications and the high 
rate of success, scleral buckling is recom- 
mended for most patients with rhegmatoge- 
nous retinal detachments associated with se- 
vere myopia. 


Myopia accounts for 12% to 42% of rhegma- 
togenous retinal detachments, and the risk of 
retinal detachment increases with an increase 
in refractive error.” 

Burton! and Winslow and Tasman’ found that 
the retina was successfully reattached in 81% to 
86% of eyes with myopia. The use of this 
technique in the repair of retinal detachments 
in severely myopic eyes, however, has been 
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reported to be associated with an increased risk 
of intraoperative complications.’ These compli- 
cations, which may lead to severe visual loss or 
blindness, include choroidal or subretinal hem- 
orrhage, choroidal detachment, retinal incarce- 
ration, retinal break, postoperative anterior 
segment ischemia, anisometropia, strabismus, 
macular distortion, cystoid macular edema, and 
extrusion or infection of extrascleral implant 
material. Therefore, pneumatic retinopexy or 
primary vitrectomy have been suggested as al- 
ternatives to scleral buckling in the manage- 
ment of rhegmatogenous retinal detachment 
associated with severe myopia.”” 

We determined the results and complications 
of scleral buckling surgery in a consecutive 
series of patients with rhegmatogenous retinal 
detachments associated with severe myopia. 
We arbitrarily defined severe myopia as a re- 
fractive error of —5.00 diopters or greater. 





Patients and Methods 


OO 


We performed scleral buckling operations for 
all patients with rhegmatogenous retinal de- 
tachments associated with severe myopia exam- 
ined at our institution between Jan. 1, 1980, 
and Dec. 31, 1989. A total of 48 eyes of 46 
consecutive patients were operated on, and all 
the procedures were performed at our institu- 
tion by four of us (H.L., A.E.K., M.O.Y., or 
Y.S.). Thus, none of the patients with rhegma- 
togenous retinal detachments associated with 
severe myopia examined during the same peri- 
od of time were operated on with a different 
technique, such as pneumatic retinopexy or 
vitrectomy. 

Except for eight patients, all were followed 
up for a minimum of six months. Of these eight 
patients, two died, and we could not determine 
their retinal status at the time of death. The 
other six patients had moved away and could 
not be located. Our attempts to obtain ocular 
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information on these six patients were not suc- 
cessful. Thus, to analyze the long-term results 
we included only the 40 eyes of 38 patients that 
were observed for at least six months (mean, 46 
months). 

The medical and operative records of all pa- 
tients were reviewed. Drawings and color pho- 
tographs were also reviewed when available. 
The following historical data were collected: 
age; gender; race; previous ocular disease; pre- 
vious trauma; previous ocular surgery; onset of 
retinal detachment; and time between the onset 
of retinal detachment and surgical repair. Oph- 
thalmic data obtained included the following: 
preoperative and postoperative best-corrected 
visual acuity; refractive error; status of the lens: 
intraocular pressure; presence and extent of 
retinal detachment; number, type, and location 
of retinal breaks; presence of proliferative vit- 
reoretinopathy; and presence of peripheral reti- 
nal abnormalities, such as lattice degeneration 
or cystic retinal tufts. Intraoperative informa- 
tion obtained included the following: presence 
and extent of scleral thinning, ectasia, or both; 
type and extent of the buckling element used; 
method of chorioretinal adhesion used; need 
for and location of drainage of subretinal fluid; 
use of intraocular air or gas; and development 
of intraoperative complications, such as inad- 
vertent scleral perforation, retinal incarcera- 
tion, choroidal hemorrhage, or vitreous hemor- 
rhage. The complete medical and operative 
records were available for all 48 eyes of 46 
patients. 


ee Se 
Results 
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The study group included 25 males and 21 
females. The ages ranged from 15 to 74 years 
(mean, 42 years). Thirty-nine patients (85%) 
were white, five (11%) were Hispanic, and two 
(4%) were black. The refractive error was be- 
tween —5.00 and —8.00 diopters in 26 eyes 
(54%), between —8.25 and —11.25 diopters in 
17 eyes (35%), between —11.50 and —14.75 
diopters in two eyes (4%), and greater than 
—15.00 diopters in three eyes (6%). For retinal 
breaks without a retinal detachment, five eyes 
(10%) had previous treatment with laser photo- 
coagulation, one eye (2%) with cryoretinopexy, 
and one eye (2%) with both laser photocoagula- 
tion and cryoretinopexy. One patient had pre- 
vious blunt ocular trauma that was thought to 
be not related to the retinal detachment. 


All the eyes were phakic, two had a diagnosis 
of chronic recurrent uveitis, and none had mac- 
ular holes. The macula was detached in 15 eyes 
(31%). Retinal tears were present in 40 eyes 
(83%), retinal holes in seven eyes (15%), and 
no retinal breaks could be found in one eye 
(2%). Lattice degeneration was present in 24 
eyes (50%), and the association between retinal 
tears and lattice degeneration of the retina was 
observed in 17 eyes (35%). Mild proliferative 
vitreoretinopathy was present in two eyes (4%). 
The initial and final visual acuity of the 40 eyes 
followed up for more than six months are 
shown in the Figure. 

The mean time between diagnosis and scleral 
buckling was 4% days. Twenty-four eyes (50%) 
were operated on in the first 24 hours after the 
diagnosis was made. Forty eyes were observed 
from six to 105 months (mean, 46 months), and 
the remaining eight eyes were observed for five 
months (two eyes), four months (one eye), three 
months (one eye), two months (three eyes), and 
one month (one eye). 

The technical variations of the scleral buck- 
ling procedures are listed in the Table. Extra- 
scleral implants were performed in 30 eyes 
(62.5%) and intrascleral implants in 18 eyes 
(37.5%); cryotherapy was used in 43 eyes (90%) 
and diathermy in three eyes (6%); and external 
drainage of subretinal fluid was performed in 
37 eyes (77%). Intraocular air was used in four 
eyes (8%) to increase the intraocular pressure 
and in two eyes (4%) to tamponade large retinal 
tears. Balanced salt solution was injected intra- 
vitreally in three eyes (6%) to increase the 
intraocular pressure. In seven eyes (14%) scler- 
al thinning was noted. 

Intraoperative complications occurred in four 
(8%) of the 48 eyes and included retinal incar- 
ceration into the drainage site in two eyes (4%), 
partial choroidal hemorrhage related to the 
drainage procedure in one eye (2%), and signif- 
icant choroidal detachment in one eye (2%). No 
treatment was performed for the retinal incar- 
cerations because they were supported by the 
scleral buckle. The choroidal hemorrhage and 
the significant choroidal detachment resolved 
spontaneously in the postoperative period. 

Postoperative complications developed in 
nine of the 40 eyes (22.5%) that were observed 
for at least six months and included recurrent 
retinal detachment in three eyes (7.5%), cystoid 
macular edema in two eyes (5%), significant 
choroidal detachments (different from the one 
noted intraoperatively) in two eyes (5%), macu- 
lar pucker in one eye (2.5%), and exotropia in 
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Figure (Rodriguez and as- 
sociates). Preoperative and 
postoperative visual acuity. 
HM indicates hand motions 
and CF indicates counting 
fingers. The letter next to the 
point indicates how many ob- 
servations for the point: A = 
1,B= 2, C = 3, and F = 6. 


2/400 20/208 20/0 O88 20/70 20/09 20/68 27/4 20/30 20/26 20/20 


PRE-OPERATIVE VISUAL ACUITY 


one eye (2.5%). The cause for anatomic failure 
in the eyes that redetached was the develop- 
ment of new retinal breaks. The two eyes that 
required injection of air into the vitreous cavity 
to tamponade large retinal breaks developed 
new retinal breaks, one located adjacent to the 
previous break and the other located 60 degrees 
from the previous retinal tear. All three eyes 
underwent revision of the scleral buckle, which 
was successful in two eyes. The third eye re- 
quired another revision of the scleral buckle. 

Of the eight eyes followed up for less than six 
months, one eye developed cystoid macular 
edema. 

At the last follow-up examination the retinas 
in all 40 eyes observed for at least six months 
were totally reattached, and final visual acuity 
of 20/40 or better was attained in 26 eyes 
(65%). Twenty-five eyes (62.5%) had better, ten 
eyes (25%) had the same, and five eyes (12.5%) 
had worse postoperative visual acuity. There 
was no correlation between the size or extent of 
the encircling element and final visual acuity. 
All five eyes with worse postoperative visual 


acuity had final visual acuity of 20/60 or better 
(Figure). Of the eight eyes followed up for less 
than six months, visual acuity improved in four 
eyes, was the same in one, and decreased in 
three. 


Discussion 


Using data from the National Health and 
Nutrition Examination Survey, Sperduto and 
associates! found that the prevalence of any 
degree of myopia in individuals between 12 and 
54 years of age was 25% and 24.3% for the right 
and left eyes, respectively. In the Framingham 
study, Leibowitz and associates” found that in 
people between ages 52 and 85 years, myopia 
was present in 17.7%. 

Retinal detachment associated with myopia 
has been found to occur more frequently in 
middle-aged patients. Cambiaggi’ reported 
that retinal detachment with myopia occurred 
more often in patients between the ages of 41 
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TABLE 
TECHNICAL VARIATIONS IN SCLERAL BUCKLING 
PROCEDURE IN 48 EYES 


TYPE OF ELEMENT 


a EXTENT (GRADES) 
BAND TIRE RADIAL 


(SPONGE) 90 180 270 360 TOTAL (%) 
No 276 No 2 1 — — 3 (6.2) 
No No Yes — -- i — 1 (2.0) 
240 No No — — — 2 2 (4.1) 
40 220 No — — o- 1 1 (2.0) 
240 220 No 5 3 — 8 (16.6) 
240 276 No 5 1 2 — 8 (16.6) 
240 280 No 1 1 o o 2 (4.1) 
240 287 No 1 3 o 2 6 (12.5) 
240 No Yes — — 7 7 (14.5) 


No 276 Yes 1 -— — —- 1 (2.0) 
240 220 Yes 2 — — — 2 (4.1) 
240 276 Yes 2 1 1 — 4 (8.3) 
240 280 Yes 2 = =- — 2 (4.1) 


240 287 No ee ee, ee 


and 70 years. In patients younger than 41 years 
of age, males were more frequently affected, 
but there was no significant predilection for 
either sex in the overall group. Of his patients, 
50% had less than —4.00 diopters of myopia. In 
our patients, the retinal detachment occurred 
more often between the ages of 30 and 59 years 
(74%), and there was a slight predilection for 
males (54%). 

Bilateral retinal detachment associated with 
myopia has been reported.™? In one study, six 
of 47 patients (13%) developed a retinal de- 
tachment in the fellow eye during 14 years of 
follow-up (unpublished data, Matthew A. 
Thomas, M.D., Nov. 11, 1987). Folk and Bur- 
ton” found a significant association between 
bilateral retinal detachment and myopia (— 2.50 
diopters or greater). The incidence of myopia in 
their patients with bilateral retinal detach- 
ments was 55% compared to 33% in patients 
with unilateral retinal detachment, and the 
incidence of bilateral retinal detachment in the 
myopic group was 21% compared with 10% in 
the nonmyopic group. The incidence of bilater- 
al retinal detachment was thought to be related 
to the combined influences of lattice degenera- 
tion of the retina and refractive error and 
ranged from 8% in the nonmyopic group with- 
out lattice degeneration of the retina to 25% in 
the myopic group with lattice degeneration of 
the retina. In contrast, the incidence of bilateral 
retinal detachment in our patients with myopia 
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was lower (4%), and only one of these two 
patients had lattice degeneration of the retina. 

Byer’ reported that myopic eyes have an 
increased incidence of lattice degeneration of 
the retina. Benson and Morse” found that 70% 
of retinal detachments caused by breaks in 
areas of lattice degeneration of the retina were 
myopic. In our series, 50% of the eyes had 
lattice degeneration of the retina and, of those, 
71% had tears associated with the lattice le- 
sions. 

In the study by Burton,’ myopic eyes (greater 
than —4.00 diopters) accounted for 12% of the 
rhegmatogenous retinal detachments, and a re- 
duced retinal reattachment rate was found in 
myopic eyes (86%) when compared with emme- 
tropic eyes (93%). 

Winslow and Tasman‘ found that myopia was 
the cause of retinal detachment in 28 eyes of 
179 children (15%), and 17 of 21 eyes (81%) 
followed up for at least six months were reat- 
tached. 

Our results indicate a high anatomic success 
rate of scleral buckling in the repair of rhegma- 
togenous retinal detachment associated with 
severe myopia. All retinas were reattached in- 
traoperatively, and the retinas of 37 of the 40 
eyes (92.5%) observed for at least six months 
were reattached with one operation. With a 
revision of the scleral buckle, the retinas of two 
additional eyes were reattached; with a second 
revision of the scleral buckle, the retina of a 
third eye was reattached. Final visual acuity of 
20/40 or better was attained in 26 of the 40 eyes 
(65%) followed up for at least six months. We 
believe that the good visual results obtained 
may be because of the large number of eyes that 
had retinal detachment and an attached macula 
(69%) as well as because of early repair of the 
retinal detachments (50% of eyes operated on 
within 24 hours of diagnosis). 

An important consideration in the treatment 
of retinal detachments in myopic eyes is the 
technical difficulty encountered. In this regard, 
the refractive error itself is not as important as 
the effect of myopia on the ocular tissues, such 
as elongation of the globe, scleral thinning, 
liquefaction of the vitreous, and the complex 
vitreoretinal relationships that are often pres- 
ent. These changes produce special problems in 
achieving the goals of scleral buckling.” Be- 
cause of the anatomic peculiarities of severely 
myopic eyes, intraoperative complications may 
be more frequent. Surgical exposure of large 
myopic eyes may be difficult because the size of 
the globe limits rotation and posterior expo- 
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sure. Also, retinal breaks tend to be large, 
multiple, or posterior and may be impossible to 
close with a scleral buckle because of the diffi- 
culty in exposure and scleral thinning. Because 
of thinned and perhaps more fragile choroidal 
tissue, drainage of subretinal fluid with the 
inevitable rapid ocular decompression that fol- 
lows may have a higher risk of producing a 
choroidal hemorrhage. Similarly, extensive 
choroidal detachment may occur.’ 

Intrascleral suture placement in eyes with 
thin sclera or with staphylomata is difficult, and 
eye-wall perforation with a needle may lead to 
hemorrhage, retinal perforation, or inoppor- 
tune decompression of the globe from drainage 
of vitreous or subretinal fluid. In our series of 
46 patients (48 eyes), the frequency of intraop- 
erative complications was low; however, only 
12 of 48 eyes (25%) had myopia greater than 
10.00 diopters. One eye (2%) developed choroi- 
dal hemorrhage, one eye (2%) developed a 
significant choroidal detachment, and in anoth- 
er two eyes (4%) the retina was incarcerated in 
the drainage site. 

In the postoperative period three eyes (7.5%) 
of the 38 patients (40 eyes) observed for at least 
six months developed a recurrent retinal de- 
tachment caused by the development of new 
retinal breaks. Two of the three eyes that 
developed new retinal breaks had air injected 
into the vitreous cavity at the time of surgery. 
Two eyes underwent a successful revision of the 
scleral buckle, anda third eye required a second 
revision of the scleral buckle. Two eyes (5%) 
developed significant choroidal detachments, 
but both cases resolved spontaneously. Other 
postoperative complications included cystoid 
macular edema in two eyes (5%), macular puck- 
er in one eye (2.5%), and exotropia in one eye 
(2.5%). Extrusion, intrusion, or infection of the 
scleral buckle material did not occur in any of 
our patients. 

Pneumatic retinopexy or primary vitrectomy 
have been suggested as alternative procedures 
in the treatment of retinal detachments associ- 
ated with myopia.*"’ The main advantages cited 
in favor of these procedures as compared to 
scleral buckling include a possible lower risk of 
intraoperative complications, a reduction in 
postoperative discomfort, and avoidance of mo- 
tility problems and refractive changes. Because 
of differences in reports of surgical experience, 
it is difficult to find comparable series of 
patients with severe myopia treated with pneu- 
matic procedures alone. McAllister and associ- 
ates’ compared the success rate and com- 
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plications of treating uncomplicated retinal 
detachments with single or multiple breaks 
within the superior 240 degrees of the fundus 
by pneumatic retinopexy, Lincoff balloon, or 
scleral buckle. Although their group included 
patients with myopia (greater than —4.00 diop- 
ters), they did not specifically note the results in 
this particular subgroup. Algvere, Hallnas, and 
Palmqvist® reported 58 consecutive eyes with 
rhegmatogenous retinal detachment treated 
with pneumatic retinopexy. This technique suc- 
cessfully reattached the retina in 18 of 22 (82%) 
myopic eyes (—3.00 to —11.00 diopters). This is 
a lower rate of anatomic success for a single 
intervention when compared with our results, 
namely 37 of 40 eyes (92.5%) observed longer 
than six months. Van Effenterre and associates” 
reported the anatomic success in treating reti- 
nal detachments in 120 eyes, some of which 
were myopic, by either cryotherapy, vitrec- 
tomy, and gas injection or cryotherapy and gas 
injection only. Total retinal reattachment with 
one intervention was 82% and 85%, respective- 
ly, but the results were not reported according 
to the refractive status of the eye. 

The potential complications of pneumatic 
retinopexy also need to be considered. The 
intraocular gas bubble may increase vitreous 
traction and cause further tears, mainly 180 
degrees opposite to the bubble.” The absence of 
support at the vitreous base makes postopera- 
tive retinal tears more likely to cause a recur- 
rent retinal detachment. Migration of gas 
through retinal breaks to the subretinal space 
has been reported” and may be more likely in 
severely myopic eyes with large retinal breaks. 
Endophthalmitis is rare, but if it occurs it fre- 
quently leads to severe visual loss. 

Finally, the role of vitrectomy surgery as a 
primary procedure in severely myopic eyes is 
controversial.*’” The main advantages of re- 
pairing retinal detachments in myopic eyes 
with vitrectomy as compared with scleral buck- 
le include little or no scleral manipulation in 
patients with extremely thin sclera, complete 
reattachment of the retina without the risk of 
gaping of the retinal break over the posterior 
edge of the scleral buckle, and the technical 
ease with which fluid-air exchange and internal 
drainage of subretinal fluid achieves internal 
tamponade in eyes with multiple, large, or 
posterior breaks. Conversely, potential disad- 
vantages of vitrectomy alone as the primary 
procedure include the absence of a scleral buck- 
le to support retinal breaks and offset some 
degree of periretinal traction or postoperative 
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vitreoretinal traction, as well as the complica- 
tions of the procedure, such as uveal effusion, 
subretinal infusion, peripheral retinal dialysis, 
or new retinal tears, lens damage, incarceration 
of the vitreous or the retina in the sclerotomy 
site, intraoperative hemorrhage, endophthal- 
mitis, and sympathetic ophthalmia. Moreover, 
there is a higher risk of developing nuclear 
cataract.” Nevertheless, in certain eyes in 
which the technical problems of scleral buck- 
ling are great (thin sclera, large, multiple, or 
posterior retinal breaks), vitrectomy may be 
preferable to scleral buckling. 

Although we cannot compare our results us- 
ing scleral buckling with either pneumatic reti- 
nopexy or vitrectomy, because neither of these 
two procedures were performed in our patients 
with rhegmatogenous retinal detachments and 
severe myopia, the high rate of success and the 
low risk of surgical complications suggest that 
scleral buckling is an excellent treatment for 
most patients with retinal detachment associat- 
ed with severe myopia. 
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Current Practices in the Management of Ocular 


Toxoplasmosis 


Robert E. Engstrom, Jr., M.D., Gary N. Holland, M.D., Robert B. Nussenblatt, M.D., 
and Douglas A. Jabs, M.D. 


To determine current practices in the man- 
agement of ocular toxoplasmosis, 72 of 85 
uveitis specialists (85%) in the American Uve- 
itis Society completed a detailed question- 
naire. Questions involved the indications for 
beginning treatment, choice of antiparasitic/ 
antimicrobial agents, and experience with 
treatment of ocular toxoplasmosis in special 
situations including pregnancy, neonatal in- 
fections, and immunocompromised patients. 

Most of the respondents treat patients 
whose visual acuity had decreased to worse 
than 20/200, lesions located in the peripapil- 
lary, perifoveal, or maculopapillary bundle 
regions, and lesions associated with severe 
vitreous inflammation. Most would not treat 
patients who retained visual acuity of 20/20, 
lesions located in the far peripheral retina, or 
lesions associated with only trace to mild 
vitreous inflammation. Treatment of other 
combinations of factors remains controver- 
sial. 

Eight different antimicrobial drugs are used 
in various combinations for lesions threaten- 
ing the macula or optic nerve head. Systemic 
corticosteroids are used by 59 of 62 respon- 
dents (95%) as part of their initial treatment 
regimen. The most commonly used regimens 
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are pyrimethamine/sulfadiazine/corticoste- 
roids (20 of 62 [32%]) and pyrimethamine/ 
sulfadiazine/clindamycin/corticosteroids (17 
of 62 [27%]). Adjunctive therapies (photocoag- 
ulation, cryotherapy, or vitrectomy) have been 
used by 20 of 60 respondents (33%). Most alter 
treatment during pregnancy, in newborn pa- 
tients, and in patients with the acquired im- 
munodeficiency syndrome. 


T oxortasma GoNp1 is the most common cause 
of infectious retinochoroiditis in otherwise 
healthy individuals.’ Although the combina- 
tion of pyrimethamine and sulfadiazine has 
been recommended for many years as a treat- 
ment for ocular toxoplasmosis,” the few pro- 
spective, randomized clinical studies designed 
to assess the effectiveness of this combination 
have provided conflicting results.*° A number 
of other drugs have demonstrated in vitro and 
in vivo efficacy against T. gondii, but their role 
in the treatment of human ocular toxoplasmosis 
remains uncertain. The best treatment for pa- 
tients with ocular toxoplasmosis in special cir- 
cumstances, such as the immunocompromised 
patient or the pregnant patient, remains even 
less clearly defined. Nonmedical therapies, in- 
cluding laser photocoagulation,’* cryotherapy,” 
or vitrectomy,” have also been recommended 
by some for the treatment of acute lesions. 

To gain a better understanding of current 
treatment practices for ocular toxoplasmosis, a 
detailed questionnaire was sent to physician 
members of the American Uveitis Society. The 
Society comprises physicians and other vision 
scientists with a special interest in ocular in- 
flammation. For membership in the American 
Uveitis Society, ophthalmologists must have 
had fellowship training in uveitis or have been 
in practice for at least three years after residen- 
cy training, with 25% of their patient-care time 
spent in the treatment of patients with intraoc- 
ular inflammation. 
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The questionnaire addressed three major cat- 
egories of toxoplasmosis management: indica- 
tions for beginning treatment; management 
practices for typical patients (that is, immuno- 
competent adult male or nonpregnant female 
patients with a recurrent, vision-threatening 
macular lesion and a decrease in vision but 
without foveal destruction and therefore good 
potential for full visual recovery with success- 
ful therapy); and management of active disease 
in pregnant, newborn, or immunocompromised 
patients. 





Material and Methods 





Members were asked to estimate the number 
of patients with active ocular toxoplasmosis 
whom they examine each year. If the number of 
patients seen was provided as a range, the 
mean of the upper and lower values was used to 
estimate the number of patients seen each year 
by that respondent. Only those members who 
have treated patients with ocular toxoplasmosis 
were asked to complete the questionnaire. 

Members were asked whether they treated all 
cases of typical ocular toxoplasmosis as defined 
regardless of the ocular findings. If members 
did not treat every case, they were asked to 
identify factors that might influence their deci- 
sion to treat in five categories: changes in visual 
acuity; lesion location; lesion size; the type of 
lesion; and the amount of associated vitreous 
inflammatory reaction. They were then asked 
whether that factor was an absolute indication 
(would always treat when the factor was pres- 
ent), a relative indication (would be more likely 
to treat when the factor was present but would 
not treat based on the factor alone), a relative 
contraindication (would be less likely to treat 
when the factor was present but would not 
prevent beginning treatment in every case), an 
absolute contraindication (would never treat 
when the factor was present), or an irrelevant 
factor (presence of factor would have no role on 
decision to treat). 

Specific factors were provided for each cate- 
gory considered. Changes in visual acuity were 
divided into the following: retention of 20/20 
visual acuity; decrease in visual acuity to 20/ 
40; and decrease in visual acuity to worse than 
20/200. Lesion location was identified by reti- 
nal zones previously described in a study of 
necrotizing retinal infections.'! Retinal zones 
and subdivisions included the following: Zone 


1, considered to be that portion of the retina 
where infection is immediately sight-threaten- 
ing and corresponding to an area extending 
3,000 wm (2 disk diameters) from the fovea 
(approximately that area enclosed by the major 
temporal vascular arcades) or 1,500 pm from 
the margins of the optic nerve head; Zone 2, 
extending anterior from Zone 1 to the clinical 
equator of the eye, identified by the anterior 
borders of the ampullae of the vortex veins (the 
farthest anterior extent of the retina that can be 
photographed easily); and Zone 3, extending 
anterior from Zone 2 to the ora serrata. Zone 1 
was further divided into peripapillary, maculo- 
papillary bundle, and perifoveal areas. Lesion 
size was divided into areas less than or equal to 
1 disk diameter or greater than 1 disk diameter. 
Potentially important lesion characteristics list- 
ed on the questionnaire included the following: 
single, recurrent satellite; multifocal; punctate 
outer retinal toxoplasmosis; acquired lesions; 
and lesions persisting for more than one month 
regardless of size or location. Vitreous reaction 
was scored on a scale of severity from trace 
through mild, moderate, marked, and severe, 
based on the scale described by Nussenblatt 
and associates.” (These descriptive terms corre- 
spond to their numeric scale as follows: mild, 
1+; moderate, 2+; marked, 3+; and severe, 
4+.) The motivation of respondents for choos- 
ing various indications was not solicited in the 
questionnaire. 

Questions regarding treatment addressed the 
following: preferred antimicrobial therapy fora 
typical case; management of drug-related toxic- 
ity; use of corticosteroids (including topical, 
periocular, and oral routes of administration); 
experience with investigational agents; and use 
of adjunctive therapies, such as laser photoco- 
agulation, cryotherapy, or vitrectomy. Mem- 
bers were also asked to describe lesion-asso- 
ciated factors for which they would modify 
their standard therapeutic regimen. 

To determine whether members alter their 
management in special situations, they were 
asked to describe how they treat pregnant pa- 
tients, neonatal patients, and immunosuppres- 
sed patients with ocular toxoplamosis. With 
regard to pregnant patients, they were asked 
about indications and drug therapy, whether 
they treat acquired maternal disease specifical- 
ly to protect the fetus, and if they treat recur- 
rent ocular disease in the woman to preserve 
vision. Members were asked to describe the 
ways in which their treatment of newborns with 
active toxoplasmosis differed, if at all, from that 
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of adult patients. Questions pertaining to the 
treatment of the immunocompromised patient 
dealt with whether their indications for treat- 
ment, the drugs used, and patient follow-up 
differed from that for an immunocompetent 
patient. 

For each question in which various factors 
were listed as responses in a multiple-choice 
format (for example, indications for treatment), 
members were also allowed to answer with 
information other than those factors already 
listed. 


Results 


Completed questionnaires were returned by 
72 of the 85 physician members (85%) of the 
American Uveitis Society. Of the respondents, 
ten (14%) stated that they either do not examine 
patients or have not had patients with active 
ocular toxoplasmosis in their practices. The 
remaining 62 respondents (86%) reported ex- 
amining a median of ten patients with ocular 
toxoplasmosis (range, two to 75 patients) per 
year. The results are based on the responses of 
these 62 respondents. 

Some respondents did not answer every ques- 
tion. Numeric data reflect the actual number of 
respondents answering any individual question 
and are reported as the number of respondents 
answering yes to a question or choosing a given 
response in a multiple-choice question and the 
total number answering that question, followed 
by the corresponding percentage. 

Indications for treatment—Of the 62 physi- 
cians who reported having patients with active 
ocular toxoplasmosis in their practice, four 
(6%) treat all active cases regardless of the 
ocular findings. For the remaining respondents, 
disease-associated factors that are considered 
to be absolute or relative indications for thera- 
py by at least 20% are listed in Table 1. Factors 
considered to be absolute or relative contrain- 
dications for therapy by at least 20% are listed 
in Table 2. 

Visual acuity—Any decrease in vision from 
baseline is considered an indication for treat- 
ment by 38 of 52 (75%) respondents. The per- 
centage who consider decreased vision an abso- 
lute indication, regardless of other findings, 
increases with the severity of visual loss, with 
34 of 56 (61%) considering visual acuity worse 
than 20/200 as an absolute indication for treat- 
ment. In contrast, 32 of 53 (60%) believe that 


retention of 20/20 visual acuity is a relative 
contraindication to treatment. 

Lesion location and size—Of 58 respondents, 
most treat lesions located anywhere within 
Zone 1, regardless of other factors: 45 (78%) for 
peripapillary lesions; 54 (93%) for maculopap- 
illary bundle lesions; and 57 (98%) for peri- 
foveal lesions. There was no consensus regard- 
ing treatment of Zone 2 lesions; this location is 
considered a relative indication by 26 of 53 
(49%), a relative contraindication by 19 of 53 
(36%), and an irrelevant factor by eight of 53 
(15%). Location in Zone 3, however, is believed 
by 33 of 52 (63%) to be a relative contraindica- 
tion to treatment. 

Of 56 respondents, 34 (63%) consider lesion 
size larger than 1 disk diameter an indication 
for treatment; seven (13%) consider it an abso- 
lute indication for treatment. Twenty-seven of 
53 (51%) consider lesion size less than 1 disk 
diameter an irrelevant factor in their decision to 
treat. Nine of 53 (17%) consider small lesions a 
relative contraindication to treatment. 

Other lesion characteristics—Most (30 of 55, 
55%) consider the presence of active retinal 
lesions in acquired disease (as opposed to re- 
current ocular toxoplasmosis) to be an indica- 
tion for treatment, but only 11 of 55 (20%) 
consider it an absolute indication. The presence 
of multiple active lesions are believed by 29 of 
56 (52%) to be an indication for treatment; nine 
of 56 (16%) consider multifocal disease an 
absolute indication. 

A consensus did not exist regarding treat- 
ment of punctate outer retinal toxoplasmosis. It 
was considered a relative indication by 23 of 51 
(45%), an irrelevant factor by 17 of 51 (33%), 
and a relative contraindication by nine of 51 
(18%). 

Persistence of disease activity for more than 
one month, regardless of other lesion charac- 
teristics, is considered an indication for initia- 
tion of treatment by most respondents (43 of 
58, 74%), with 12% considering it an absolute 
indication (seven of 58, 12%). 

Vitreous inflammation—Vitreous inflammato- 
ry reaction is considered an indication for treat- 
ment by most of the respondents only when it is 
greater than moderate in severity. Fifty-six of 
57 (98%) consider severe vitreous reaction an 
indication for treatment; 36 of 57 (63%) consid- 
er this level of reaction an absolute indication. 

Antimicrobial agents—Eight different antimi- 
crobial agents (pyrimethamine, sulfadiazine, 
clindamycin, sulfisoxazole, sulfadiazine /sulfa- 
merazine/sulfamethazine, trimethoprim/sul- 
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TABLE 1 
FACTORS SUGGESTING THAT OCULAR 
TOXOPLASMOSIS SHOULD BE TREATED 


NO. OF 
RESPONDENTS WHO 
NO. OF CONSIDER FACTOR 
RESPONDENTS IN AN ABSOLUTE 
AGREEMENT/ _INDICATION/TOTAL 
TOTAL NO. OF NO. OF 
FACTOR* RESPONDENTS (%) RESPONDENTS (%) 
Visual acuity 
Any decrease in visual 
acuity 38/52 (75) 1/52 (02) 
Visual acuity below 
20/40 49/57 (86) 12/57 (21) 
Visual acuity below 
20/200 55/56 (98) 34/56 (61) 
Lesion location 
Zone 1, peripapillary 58/58 (100) 45/58 (80) 
Zone 1, maculopapil- 
lary bundle 58/58 (100) 54/58 (93) 
Zone 1, perifoveal 58/58 (100) 57/58 (98) 
Lesion size 
< 1 disk diameter 17/53 (32) 2/53 (04) 
> 1 disk diameter 34/57 (60) 7/57 (12) 
Vitreous reaction 
Trace 12/57 (21) 0/57 (00) 
Mild 15/57 (26) 2/57 (04) 
Moderate 34/56 (61) 6/56 (11) 
Marked 49/57 (86) 23/57 (40) 
Severe 56/57 (98) 36/57 (63) 
Type of active lesion 
Single, recurrent satellite 23/55 (42) 1/55 (02) 
Multifocal infection 38/56 (68) 9/56 (16) 
Punctate outer retinal 
lesions 25/51 (49) 2/51 (04) 
Acquired infection 30/55 (55) 11/55 (20) 
Persistence > 1 month 43/58 (74) 7/58 (12) 


“Factors identified by at least 20% of respondents as an 
absolute or relative indication for treatment. 


famethoxazole, minocycline, and tetracycline) 
both with and without corticosteroids are com- 
bined in 15 different regimens as the treatment 
of choice for ocular toxoplasmosis (Table 3). 

Sulfonamides are used by 56 of the 62 re- 
spondents (90%). Sulfadiazine is the most com- 
monly used agent (51 of 62, 82%). A sulfona- 
mide is used with pyrimethamine by 43 of 62 
(69%) in various regimens. Clindamycin is used 
by 34 of 62 (55%) respondents. 

The combination of pyrimethamine, sulfadia- 
zine, and corticosteroids is used by 20 of 62 
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(32%). Clindamycin is used with these three 
agents (quadruple therapy) as treatment of 
choice by 17 of 62 (27%). A combined regimen 
of sulfadiazine, clindamycin, and corticoste- 
roids is used by ten of 62 (16%). Clindamycin 
and corticosteroids are used by four of 62 (6%) 
(Table 4). All other combinations are used by 
only one respondent each. 

Of those respondents who use pyrimeth- 
amine, 37 of 42 (88%) administer a loading 
dose, ranging from 50 mg given once to 100 to 
200 mg given for one or two days. The most 
frequently used loading dose is 75 to 100 mg 
given in one day and divided into three or four 
doses (23 of 37, 62%). Subsequent treatment is 
administered as either 25 mg daily (19 of 41, 
47%) or 50 mg daily (19 of 41, 47%). Duration 
of pyrimethamine therapy is usually four to six 
weeks (range, one to eight weeks). Most adjust 
the duration of therapy based on the clinical 
response. 

Nearly all respondents who use pyrimeth- 
amine also administer folinic acid to prevent 
hematologic toxicity (51 of 52, 98%). The tablet 
form of folinic acid is used by 31 of 52 (60%), 
with 5 mg given three times a week being the 
most commonly used dose. The remainder (21 
of 52, 40%) administer the intravenous prepa- 
ration of folinic acid orally as one vial (3 mg) 
either two or three times per week. 

Laboratory testing is performed routinely by 
nearly all respondents to monitor for develop- 
ment of leukopenia and thrombocytopenia. 
Most check laboratory variables weekly and 
discontinue therapy for a white blood cell 
count less than 4,000 cells/mm’ or a platelet 
count less than 100,000/mm‘*. 

Of respondents who use pyrimethamine as a 
drug of first choice and encounter adverse reac- 
tions restricting its use, 29 of 38 (76%) substi- 
tute clindamycin while continuing other 
agents. Two of 38 (5%) use spiramycin, one of 
38 (3%) tetracycline, and one of 38 (3%) mino- 
cycline. Six of 38 (16%) discontinue pyrimeth- 
amine without adding a replacement agent. 

Sulfadiazine is administered as a 1-g dose 
given four times daily for four to six weeks by 
38 of 43 (88%). An initial loading dose of 2 to 4 
g in one administration is given by 23 of 37 
respondents (62%). When toxicity to sulfadia- 
zine is encountered, 30 of 46 (65%) substitute 
clindamycin while continuing other agents. 
Other less frequently used alternative agents 
include minocycline (five of 46, 11%) and tetra- 
cycline (four of 46, 9%). Seven of 46 (15%) 
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TABLE 2 
FACTORS SUGGESTING THAT OCULAR 
TOXOPLASMOSIS DOES NOT NEED TREATMENT 





NO. OF 
RESPONDENTS WHO 
NO. OF CONSIDER FACTOR 
RESPONDENTS IN AN ABSOLUTE 
AGREEMENT/TOTAL CONTRAINDICATION/ 
NO. OF TOTAL NO. OF 


FACTOR* RESPONDENTS (%) RESPONDENTS (%) 

Visual acuity 

20/20 36/58 (68) 4/58 (7) 
Lesion location 

Zone 2 19/53 (36) 0/53 (0) 

Zone 3 34/52 (65) 1/52 (2) 
Vitreous inflammatory 

reaction 
Trace 24/56 (43) 0/56 (0) 
Mild 23/57 (40) 1/57 (2) 





*Factors identified by at least 20% of respondents as a 
relative or absolute contraindication for treatment. 


discontinue sulfadiazine without adding a re- 
placement agent. 

Clindamycin is administered in a 300-mg 
dose given four times daily for three to six 
weeks by 31 of 34 respondents (91%). 

Spiramycin has been used by only three of 62 
respondents (5%). Two of the three respon- 
dents use spiramycin for slowly healing lesions 
only after patients have received sequential 
six-week courses of combination pyrimeth- 
amine/sulfadiazine therapy and clindamycin 
therapy. Spiramycin is then administered for up 
to two years after the acute episode. The other 
respondent has used spiramycin as a sulfona- 
mide alternative in a patient with known sul- 
fonamide allergy. 

Corticosteroids—Only 16 of 59 respondents 
use topical corticosteroids to treat any anterior 
chamber inflammatory reaction associated with 
toxoplasmic retinochoroiditis. The rest base 
their use of topical corticosteroids on the sever- 
ity of the reaction and its associated compli- 
cations and symptoms. All respondents use 
topical corticosteroids for anterior chamber 
inflammation if synechiae have formed, and 
most treat for redness and discomfort (48 of 59, 
81%). 

Periocular corticosteroids have been used by 
16 of 61 (26%) respondents, but 15 of these 16 
(94%) have done so only with concurrent anti- 
parasitic therapy. Common indications are in- 


tolerance or contraindications to oral cortico- 
steroid use (six of 16, 38%) or severe vitreous 
inflammation (four of 16, 25%). Other indica- 
tions include macular or peripapillary lesions, 
presence of hypopyon, or patient noncompli- 
ance to oral therapy. Eight of 16 (50%) use 40 
mg of triamcinolone acetonide, and five of 16 
(31%) use 40 mg of methylprednisolone given 
once or twice, with favorable outcomes report- 
ed by nine of 12 respondents (75%). Of the 12 
respondents providing outcomes of therapy, 
only one reported worsening of disease. 

Oral corticosteroids are used by 56 of 57 
respondents (98%) for active lesions threaten- 
ing the macula or optic nerve head. Thirty- 
eight of 53 (72%) also use oral corticosteroids 
for lesions causing a decrease in vision, where- 
as only seven of 54 (13%) give oral corticoste- 
roids based only on the presence of a vitreitis. 
Oral corticosteroids as single therapy have 
been used by four of 56 (7%). Indications cited 
for use of corticosteroids as the only agent 
included the need to treat patients intolerant to 
both pyrimethamine and sulfadiazine. No ad- 
verse reactions were reported by the respon- 
dents. 

Corticosteroids are begun simultaneously 
with antiparasitic agents by 29 of 58 (50%), 
whereas the remaining 29 initiate corticoster- 
oid therapy only after 24 to 48 hours of antipar- 
asitic therapy. Thirty-seven of 46 (80%) discon- 
tinue corticosteroids on the basis of clinical 
response, whereas the remaining nine (20%) 
only administer corticosteroids during the first 
one to three weeks of therapy. 

Adjunctive therapies—Laser photocoagula- 
tion, cryotherapy, or vitrectomy have been used 
for active ocular toxoplasmosis by one third of 
the respondents (20 of 60, 33%) with seven of 
60 (12%) having used more than one modality. 
Laser photocoagulation has been used by eight 
of 60 (13%) respondents either for sight-threat- 
ening lesions, intolerance to oral medications, 
persistence of lesions for longer than one year, 
or during pregnancy. Treatment outcomes were 
described as generally favorable. Cryotherapy 
has been used by six of 60 (10%) respondents 
primarily for patients with chronic, peripheral 
lesions and contraindications to antiparasitic 
drugs. Rapid resolution after cryotherapy was 
reported by three respondents, whereas slow 
resolution was reported by two respondents. 
Vitrectomy has been used by five of 60 (8%) for 
treating active inflammation. Of the three re- 
spondents providing outcomes, two reported 
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TABLE 3 


AGENTS USED IN THE TREATMENT OF OCULAR TOXOPLASMOSIS 





AGENT* 


Dihydrofolate reductase inhibitors 
Pyrimethamine 


Trimethoprim/sulfamethoxazole 
Sulfonamides 
Sulfadiazine 


Sulfadiazine/sulfamerazine/sulfamethazine 
Sulfisoxazole 


Tetracyclines 
Tetracycline 
Minocycline 

Other antimicrobial agents 
Clindamycin 

Other drugs 
Folinic acid 


Prednisone 


USUAL DOSAGEt 


75-100 mg loading dose given over 24 hours, followed by 25-50 mg daily 
for 4-6 weeks 


One tablet given twice daily for 4-6 weeks 


2.0-4.0 g loading dose initially, followed by 1.0 g given four times daily for 4-6 
weeks 


2.0-4.0 g loading dose initially, followed by 1.0 g given four times daily for 4-6 
weeks 


2.0 g loading dose initially, followed by 1.0 g given four times daily for 4-6 
weeks 


2.0 g load over 24 hours, then 250 mg given four times daily for 4-6 weeks 
100 mg given once or twice daily for 4-6 weeks 


300 mg given four times daily for 3-6 weeks 


5.0 mg tablet or 3 mg intravenous preparation given orally, two to three times 
weekly for duration of pyrimethamine therapy 

40-60 mg daily for 2-6 weeks depending on clinical response; taper 
off before discontinuing antimicrobial therapy 





*Drug used by at least one respondent as part of initial therapy for typical toxoplasmic lesions. 
‘Most frequently cited dosage by those using each drug as part of their initial therapy for typical toxoplasmic lesions. 


excellent results with the other reporting de- 
creased visual acuity, marked retinal traction, 
and subretinal fluid collection. 

Special situations—Pregnancy: Active ocular 
toxoplasmosis in pregnant women has been 
treated by 22 of 57 respondents (39%). Of 
these, only six (27%) have treated the woman 
with the goal of protecting the fetus from infec- 
tion, whereas all will treat the woman to pre- 
serve vision. Eighteen of 22 (82%) have the 
same indications for beginning treatment as for 
the nonpregnant patient, whereas three (14%) 
will only treat when lesions are located in Zone 
1. Sixteen of 21 (76%) alter therapy during 
pregnancy. Sulfadiazine is the most commonly 
used drug (ten of 16, 63%), either as single 
therapy (three of 16, 19%) or in combination 
with corticosteroids (three of 16, 19%), with 
clindamycin (three of 16, 19%), or with pyri- 
methamine (one of 16, 6%). Pyrimethamine, 
either alone or in combination with other 
agents, is used by four of 21 (19%) during 
pregnancy. Spiramycin has been used by two of 
16 (13%) respondents for treatment of the preg- 
nant patient. 

Neonatal disease: Only four of 57 respon- 


dents (7%) have treated neonatal patients with 
active ocular disease. All four respondents treat 
every patient regardless of findings. Two use a 
combination of pyrimethamine and sulfadia- 
zine for six weeks, followed by spiramycin ther- 
apy for eight weeks; this cycle is repeated three 
times with two-month intervals of no therapy 
between cycles. The remaining two respon- 
dents administer the same drugs as those used 
for adults but with adjusted doses. 
Immunocompromised patients: Active ocular 
toxoplasmosis has been treated in patients who 
are immunocompromised by 38 of 56 respon- 
dents (68%). Of the conditions responsible for 
immunosuppression, human immunodeficien- 
cy virus-associated disease is the most com- 
mon, with other causes including organ trans- 
plantation and autoimmune disorders. Twenty 
of 35 (57%) have the same indications for be- 
ginning treatment as in immunocompetent pa- 
tients. Of those modifying their indications for 
treatment, 11 of 15 (73%) treat all lesions in 
these patients. Drug therapy is altered by five of 
38 (13%), most frequently by excluding both 
pyrimethamine and corticosteroids. Continued 
administration of drugs (maintenance therapy) 
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TABLE 4 
PREFERRED THERAPEUTIC REGIMENS FOR TYPICAL 
CASES OF OCULAR TOXOPLASMOSIS* 





RESPONDENTS 
REGIMENT NO. (%) 


Pyrimethamine/folinic acid, 

sulfadiazine, prednisone 20 (32) 
Pyrimethamine/folinic acid, 

sulfadiazine, clindamycin, 


prednisone* 17 (27) 
Sulfadiazine, clindamycin, 

prednisone 10 (16) 
Clindamycin, prednisone 4 (06) 


*A typical case was defined as an immunocompetent male or 
nonpregnant female patient with a lesion threatening the macu- 
la or optic nerve head, who has decreased vision but potential 
for full recovery of central vision. 

'All drug combinations cited by more than one respondent. 

*Referred to by some investigators as quadruple therapy. 


for the duration of the immunocompromised 
state is provided by 24 of 38 (63%), whereas the 
remainder treat only while lesions are active. 
Monitoring of these patients is performed dif- 
ferently by 20 of 38 (53%), usually in the form 
of more frequent follow-up. 


Discussion 


Toxoplasma gondii has been recognized as a 
human ocular pathogen for nearly 50 years, but 
the best treatment for this infection remains a 
subject of controversy. The synergistic combi- 
nation of pyrimethamine and sulfadiazine was 
first recommended by Eyles and Coleman®” in 
1953. In the ensuing years, other reports have 
provided conflicting data and recommenda- 
tions regarding the management of ocular toxo- 
plasmosis. Consequently, a variety of therapeu- 
tic regimens are used. In this study we 
attempted to identify variations in the manage- 
ment of ocular toxoplasmosis as currently prac- 
ticed by uveitis specialists. 

Few treat every case of active ocular toxoplas- 
mosis regardless of lesion characteristics. Most 
modify their therapy for the individual patient. 
Visual impairment and the potential for visual 
loss are considered to be the most important 
factors in determining whether to begin treat- 
ment. Treatment is usually begun when lesions 


cause a sudden decrease in vision. The propor- 
tion who treat, based on vision alone, increases 
with increasing severity of visual loss. Most 
also begin treatment if the lesion, by virtue of 
its location in relation to the fovea or optic 
nerve head, has the potential for causing per- 
manent visual impairment. Lesions less likely 
to affect vision (those located peripherally and 
those associated with minimal vitreous reac- 
tion) are usually observed without treatment. 
Lesion size alone is considered less important 
in management decisions, presumably because 
size is less important than location for visual 
impairment. A large peripheral lesion, for ex- 
ample, will affect vision less than a small peri- 
foveal lesion. Nevertheless, 34 of 57 respon- 
dents (60%) still consider lesions greater than 1 
disk diameter to be at least a relative indication 
for treatment. 

The natural course of solitary lesions occur- 
ring at the margin of a healed scar or single 
satellite lesions that are removed from a retino- 
choroidal scar is generally accepted as self 
limited. When considering lesion characteris- 
tics alone, most respondents are less likely to 
treat single, recurrent lesions. 

Only half of the respondents consider punc- 
tate outer retinal toxoplasmosis lesions a rela- 
tive indication for treatment, perhaps because 
these lesions are not typically associated with 
vitreous inflammation.” Despite the absence 
of inflammation with these lesions, their natu- 
ral course and their potential for retinal de- 
struction appear to be similar to more typical 
ocular toxoplasmosis lesions. Other atypical 
lesions whose natural course is perhaps less 
understood or that may indicate a more severe 
infection, such as multifocal lesions, acquired 
lesions, and lesions persisting for more than 
one month, are generally considered an indica- 
tion for treatment. 

A number of antimicrobial/antiparasitic 
agents have demonstrated either in vitro or in 
vivo efficacy against T. gondii, including pyri- 
methamine,’® various sulfonamides (sulfadia- 
zine,” sulfamerazine," sulfamethazine,'’ and 
sulfapyrizine’), clindamycin,” and _ tetracy- 
clines.” Eight different antimicrobial agents are 
used with or without corticosteroids in 15 dif- 
ferent regimens as initial therapy for ocular 
toxoplasmosis. Of these, 51 of 62 respondents 
(82%) use one of only four different regimens. 
Regimens consisting of multiple drugs were 
cited by most, with 53 of 62 respondents (85%) 
using either three or four agents. This practice 
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may reflect a perception that lesions respond 
incompletely to any given agent. 

There is less evidence in published reports 
that clindamycin is as effective for treatment of 
ocular toxoplasmosis as pyrimethamine or sul- 
fadiazine, but it is used by more than half of the 
respondents as part of their initial therapy. 
Clindamycin is also the most frequent choice 
for alternative therapy when toxicity to either 
pyrimethamine or sulfadiazine is encountered. 
Interest among ophthalmologists in the use of 
clindamycin is probably because the drug ap- 
pears to be concentrated in ocular tissue and 
can penetrate cyst walls.” Animal experiments 
have shown that clindamycin treatment reduces 
the number of, although it does not eliminate, 
tissue cysts,“ but there is no good clinical 
evidence to support the concept that clindamy- 
cin prevents recurrences.” 

Retinal necrosis caused by T. gondii infection 
is believed to result directly from cell lysis by 
the parasite. Inflammatory reactions cause 
secondary problems, including cystoid macular 
edema, vitreitis, anterior chamber inflamma- 
tion, and retinal vasculitis.“ Corticosteroids, 
which decrease these inflammation-associated 
problems, are therefore given with antimicrobi- 
al agents. Systemic corticosteroids are used by 
nearly all respondents for treating lesions 
threatening the macula or optic nerve head. 
Only rarely did respondents state that they 
have treated patients with corticosteroids as 
single therapy. Without concurrent antipara- 
sitic therapy, the suppression of immune de- 
fense mechanisms by corticosteroids can lead 
to fulminant T. gondii infection, but when given 
concurrently with antimicrobial agents, the use 
of corticosteroids has never been shown to 
worsen the underlying infection.” Further con- 
troversy exists as to how long, if at all, antimi- 
crobial therapy must be given before initiating 
corticosteroid therapy. The start of corticoster- 
oid administration is sometimes delayed to al- 
low adequate blood levels of the antimicrobials 
to be reached.” Whether this delay is clinically 
necessary is unknown. Respondents are evenly 
divided among those beginning corticosteroids 
concurrently with antimicrobial agents and 
those waiting 24 to 48 hours. 

Topical corticosteroids are used for anterior 
segment inflammation by nearly all respon- 
dents. There is little controversy surrounding 
their use, probably because T. gondii has never 
been isolated from anterior segment structures 
except in an immunocompromised patient.” 


Experience with periocular corticosteroid in- 
jections among respondents is limited. Its use 
has been discouraged because of experiences in 
which it has been associated with uncontrolla- 
ble spread of infection, presumably because of 
intense suppression of host protective mecha- 
nisms.” 

Adjunctive therapy for active ocular toxo- 
plasmosis, including laser photocoagulation, 
cryotherapy, or vitrectomy, has been used by 
nearly one third of the respondents. A con- 
trolled study evaluating the role of these ad- 
junctive therapies in treating active toxoplas- 
mic infections has yet to be conducted. Laser 
photocoagulation was the most frequently used 
modality, with the presumed goal of encircling 
an active lesion with a region of photocoagulat- 
ed retina, thereby limiting cell-to-cell spread of 
infection. Laser photocoagulation will not pre- 
vent recurrences from distant satellite foci and 
cannot be administered in the presence of mod- 
erate to severe vitreous inflammation. Cryo- 
therapy has been used for peripheral lesions in 
patients having contraindications to medical 
therapy. Vitrectomy has been used for severe or 
persistent vitreous inflammation in patients 
with active lesions, although this procedure is 
more commonly used for removal of persistent 
vitreous opacities in otherwise quiet eyes. Re- 
spondents generally reported favorable out- 
comes for each of these modalities. 

Ocular toxoplasmosis in the pregnant woman 
is an important issue since conventional medi- 
cal therapy may be teratogenic” and maternally 
acquired disease can result in fetal infection. 
Over one third of respondents have treated 
patients who were pregnant with active ocular 
toxoplasmosis. All stated that they will treat the 
woman to preserve her vision, with most using 
the same ophthalmic criteria for beginning 
treatment as in the nonpregnant patient. The 
teratogenicity of dihydrofolate reductase inhib- 
itors has not been convincingly demonstrated 
in humans.” Nevertheless, only three of 20 
respondents (15%) who treat pregnant patients 
with ocular toxoplasmosis use pyrimethamine. 
The remainder use sulfadiazine (alone or con- 
currently with either clindamycin or corticoste- 
roids), spiramycin alone, or clindamycin alone. 
Spiramycin is a macrolide antibiotic with 
anti-T. gondii activity that has minimal side 
effects and may decrease the incidence of con- 
genitally infected infants.*’ Spiramycin use 
among members of the American Uveitis Socie- 
ty is limited, because it is only available in the 
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United States on a compassionate-use basis. 
Additionally, six of 18 respondents (33%) stat- 
ed they have treated acquired disease in the 
woman to protect the fetus. There is little con- 
cern about the fetus in recurrent disease since 
preexisting maternal antibodies are believed to 
be protective. 

Few American Uveitis Society members (four 
of 57, 7%) have treated newborns with active 
ocular toxoplasmosis. They initiate treatment 
for any active retinal disease with a course of 
therapy lasting until at least 1 year of age, 
independent of lesion resolution. Given the 
systemic nature of active congenital disease, 
most cases are usually managed by pediatri- 
cians. 

Systemic dissemination of T. gondii is a fre- 
quent complication of many immunodeficiency 
disease processes including those caused by 
malignancies,” corticosteroid or cytotoxic ther- 
apy,” and the acquired immunodeficiency syn- 
drome.” Ocular toxoplasmosis in patients with 
AIDS usually responds favorably to antipara- 
sitic therapy.” Most respondents have treated 
immunocompromised patients with active ocu- 
lar toxoplasmosis, with HIV-related illnesses 
comprising most of the cases seen. Although 
most (20 of 35, 57%) use the same criteria for 
beginning treatment as for immunocompetent 
patients, an increased proportion (11 of 35, 
31%) begin treatment in the presence of any 
active lesion when the patient is immunocom- 
promised. Most administer the same antimicro- 
bial/antiparasitic agents as for immunocompe- 
tent patients, although some (four of 35, 11%) 
withhold pyrimethamine and corticosteroids 
from therapy. Pyrimethamine use is sometimes 
avoided because of preexisting bone marrow 
suppression, and corticosteroid use is avoided 
to prevent further suppression of host immune 
mechanisms. Other considerations should be 
the high incidence of sulfonamide allergies 
among patients with AIDS and that zidovudine 
(an antiretroviral agent used commonly in pa- 
tients with AIDS) has been shown to be antago- 
nistic to pyrimethamine, which may lead to 
treatment failures if both of these agents are 
used concurrently.” 

Like many infections in immunocompro- 
mised patients, toxoplasmosis tends to reacti- 
vate if antiparasitic therapy is discontinued.” 
Maintenance therapy with lower, suppressive 
dosages of antimicrobial agents may prevent 
the reactivation of disease. Most respondents 
(24 of 38, 63%) administer maintenance antimi- 


crobial therapy for the duration of the immuno- 
compromised state with clindamycin being the 
most frequently used agent followed by sulfadi- 
azine given at reduced dosages. The remainder 
of respondents administer pyrimethamine, 
doxycycline, or minocycline as suppressive 
therapy. Follow-up of these patients is per- 
formed more frequently to monitor for reactiva- 
tion of ocular disease. 

This study provides a better understanding of 
current treatment practices for ocular toxoplas- 
mosis and clearly demonstrates a diversity of 
opinions among uveitis specialists. This finding 
probably reflects the lack of evidence demon- 
strating the superiority of any given therapeutic 
regimen and suggests the need for prospective 
investigations. Information obtained from this 
study could be used in the design of a study 
comparing different regimens as well as the 
need to treat different lesions based on their 
clinical characteristics. 

The results of this study are presented as 
information only and are not intended as treat- 
ment recommendations by the authors or by the 
American Uveitis Society. 
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Recognition and Removal of the Posterior Cortical Vitreous 


During Vitreoretinal Surgery for Impending Macular Hole 





Calvin E. Mein, M.D., and Harry W. Flynn, Jr., M.D. 


Vitreoretinal surgery for impending macu- 
lar hole includes recognition and removal of 
the posterior cortical vitreous. Previously de- 
scribed surgical techniques for removal of 
cortical vitreous used either rigid instru- 
ments (a tapered extrusion needle or a barbed 
microvitreoretinal blade) or a short fenestrat- 
ed soft-tipped suction needle. We used a tech- 
nique with the cannulated extrusion needle 
that detects the presence of the posterior corti- 
cal vitreous and facilitates safe removal of 
this layer from the retina. Although this tech- 
nique is most useful when performing vitrec- 
tomy for impending macular hole, it may also 
be used during vitrectomy for other condi- 
tions with uncertain detachment of the pos- 
terior cortical vitreous. 


Recent reports have suggested that pars 
plana vitrectomy may improve the long-term 
visual prognosis for patients with stage 1 or 2 
idiopathic macular holes.” Stage 1-A shows a 
central yellow spot (measuring 100 to 200 pm 
in diameter), which represents a foveolar de- 
tachment. Stage 1-B shows an enlargement of 
the process to form a yellow ring (approximate- 
ly 200 to 350 um in diameter), which represents 
a foveal detachment. In Stage 2, the yellow ring 
becomes enlarged and a full-thickness retinal 
dehiscence develops within several weeks or 
months.’ 

Separation and removal of the posterior corti- 
cal vitreous have been reported to be important 
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aspects of successful surgery” but are often 
difficult because the posterior cortical vitreous 
is clear. Because there are no visual clues to 
complete posterior vitreous removal, the sur- 
geon may think that a complete vitrectomy has 
been performed when in reality the posterior 
cortical vitreous remains attached in the poster- 
ior pole. The use of either a tapered extrusion 
needle,” the fenestrated silicone-tipped suction 
needle,’ or a barbed microvitreoretinal blade’ 
has been reported as a means of separating the 
posterior cortical vitreous from the retina in 
the posterior pole. We used a technique with the 
cannulated extrusion needle’ that detects the 
clear cortical vitreous and facilitates safe re- 
moval of this layer from the retina. 


Case Report 


A 75-year-old woman had blurred vision and 
metamorphopsia in the left eye for two months. 
Visual acuity was R.E.: 20/20 and L.E.: 20/60. 
Results of examination of the right eye were 
normal. Slit-lamp biomicroscopy of the left eye 
disclosed an attached posterior vitreous with a 
yellow ring lesion in the fovea, representing a 
stage 1-B macular hole. 

After informed consent was obtained from 
the patient, a pars plana vitrectomy was per- 
formed on the left eye. After a central vitrec- 
tomy was completed, the cannulated extrusion 
needle was used to inspect the posterior pole 
for remaining cortical vitreous. As the cannula 
approached the retina along the super- 
otemporal vascular arcade with gentle aspira- 
tion applied, the soft-tipped cannula deviated 
in a direction perpendicular to the retina as 
cortical vitreous became impaled in the tip (Fig. 
1). This diagnostic test confirmed the presence 
of a layer of residual clear, cortical vitreous. 
While stronger suction was applied (Fig. 2) 
through the cannula, an illuminated spatula 
was used as a second instrument to elevate the 
posterior hyaloid from the retina. Gentle trac- 
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Fig. 1 (Mein and Flynn). A, Posterior segment 
illustration showing deviation of the flexible cannula 
with cortical vitreous impaled in the tip of the instru- 
ment. B, Cross-sectional view. 


tion was applied until detachment of the pos- 
terior cortical vitreous was observed. The vit- 
rectomy instrument was then used to remove 
the posterior cortical vitreous. 

The cannulated extrusion needle was again 
introduced into the eye. As the needle ap- 
proached the posterior pole with gentle suction 
applied, no further deviation of the cannula 
occurred (Fig. 3), which indicated that all pos- 
terior cortical vitreous had been removed suc- 
cessfully. 

Postoperatively, visual acuity improved to 
20/30 in the left eye. Mild retinal pigment 
epithelial mottling was observed, but the yel- 
low foveal lesion resolved. Some formed vitre- 
ous remained in the anterior periphery, but no 
vitreous was visible in the posterior pole. Visu- 
al acuity remained 20/30 at the six-month fol- 
low-up visit. 


Discussion 


Vitrectomy surgery for impending macular 
hole may be difficult because of the need to 
induce posterior cortical vitreous separation. 
The surgeon may wonder if the clear posterior 
vitreous was indeed removed. The use of either 
a nonflexible tapered metal extrusion needle, a 
fenestrated silicone-tipped needle, or a barbed 
microvitreoretinal blade may not easily or safe- 
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Fig. 2 (Mein and Flynn). A, Posterior segment 
illustration showing elevation of the cortical vitreous 
with the cannula and separation of this layer of 
vitreous with the illuminated spatula. B, Cross-sec- 
tional view. 


ly allow recognition of clear residual posterior 
cortical vitreous. 

The flexibility of the cannulated extrusion 
needle makes it an ideal instrument for both 
recognition and removal of the residual vitre- 
ous. When the vitreous is aspirated into the 
port of the cannula, the surgeon can see a 
definite deviation of the cannula, similar to the 
deviation of a divining rod in search of water. If 











CORTICAL 
VITREOUS 
ABSENT 





Fig. 3 (Mein and Flynn). A, Posterior segment 
illustration showing the flexible cannula touching 
the surface of the retina without deviation of the tip. 
B, Cross-sectional view. 
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the posterior cortical vitreous remains, it is 
impossible to touch the retina with the soft- 
tipped cannula. Gentle maneuvering of the can- 
nula further confirms the presence of a layer of 
formed vitreous, because the cannula seems to 
stick to this vitreous well above the surface of 
the retina. The use of an illuminated spatula to 
separate mechanically the cortical vitreous has 
been previously described by Han, Abrams, 
and Aaberg,’ but the second instrument was 
either a tapered blunt extrusion needle or mi- 
crovitreoretinal blade. Once this layer of vitre- 
ous has been removed with the vitrectomy 
instrument, the surgeon can test for residual 
cortical vitreous. If the soft-tipped cannula 
does touch the retina directly, the surgeon can 
be confident that removal of the posterior corti- 
cal vitreous was accomplished. 

We have found that this technique offers 
increased safety in testing for complete removal 
of the posterior cortical vitreous when perform- 
ing vitrectomy for impending macular hole and 
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for other conditions with uncertain detachment 
of the posterior cortical vitreous. 
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OPHTHALMIC MINIATURE 
No one who has ever met Gorbachev comes away without mentioning his 
penetrating eyes. Gorbachev's gaze is commanding—his retinas sometimes 
a deep brown, sometimes a shining charcoal black. These magnetic eyes 
radiate power, intensity, energy—abnormal energy. I spoke with him 
briefly during his visit to Washington in December 1987, and I remember 
that his eyes were like lasers, locking into mine, never shifting, never 


blinking. 


Hedrick Smith, The New Russians 


New York, Random House, 1990, p. 37 


Ocular Findings in Patients With Autosomal Dominant 


Retinitis Pigmentosa and Rhodopsin, Proline-347-Leucine 


Eliot L. Berson, M.D., Bernard Rosner, Ph.D., Michael A. Sandberg, Ph.D., 
Carol Weigel-DiFranco, M.A., and Thaddeus P. Dryja, M.D. 


We studied the ocular findings in eight un- 
related patients with a form of autosomal 
dominant retinitis pigmentosa and the same 
cytosine-to-thymine transition in the second 
nucleotide of codon 347 of the rhodopsin gene. 
This mutation, detected in leukocyte DNA, 
corresponds to a substitution of leucine for 
proline in amino acid 347 of the rhodopsin 
protein, and, therefore, we designated this 
form of retinitis pigmentosa as rhodopsin, 
proline-347-leucine. On average, these pa- 
tients had significantly smaller visual field 
areas and smaller electroretinogram ampli- 
tudes than 140 unrelated patients of compara- 
ble age with dominant retinitis pigmentosa 
without this mutation. The findings in eight 
relatives with this mutation from three of 
these families are presented to provide exam- 
ples of the variability that exists in the clini- 
cal severity of this disease. 


Å restricTION fragment length polymorphism 
within the long arm of human chromosome 3 
has been linked to the disease trait in a large 
family in Ireland with autosomal dominant reti- 
nitis pigmentosa.’ Since the rhodopsin gene 
also maps to the long arm of chromosome 3°" 
and since rhodopsin is expressed in rod photo- 
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receptors that are affected early in this dis- 
ease," we have been searching for abnormali- 
ties in the rhodopsin gene in the leukocyte 
DNA of patients with dominant retinitis pig- 
mentosa. 

We previously described four distinct point 
mutations in the gene coding for rhodopsin.*’ 
Of 148 unrelated patients from separate fami- 
lies residing in the United States or Canada 
with autosomal dominant retinitis pigmentosa, 
27 carry one of these four mutations. Each 
mutation corresponds to a single amino acid 
substitution in the rhodopsin protein. These 
rhodopsin mutations and their frequencies by 
family are as follows: proline-23-histidine, 17 
cases (12%); proline-347-leucine, eight cases 
(5%); proline-347-serine, one case (0.5%); and 
threonine-58-arginine, one case (0.5%). Only 
one mutation has been found in any given 
family, and each mutation has segregated per- 
fectly with the disease trait in the families stud- 
ied. We have not observed these mutations in 
106 unrelated normal individuals. These results 
suggest that these mutations are the cause of 
some forms of dominant retinitis pigmentosa.*” 

We studied the ocular findings in eight unre- 
lated patients with dominant retinitis pigmen- 
tosa and rhodopsin, proline-347-leucine. Their 
findings are compared with those from 140 
patients without this mutation. We also studied 
eight relatives from three of these families to 
show the range of abnormalities that exists 
among patients with this mutation. 


Patients and Methods 


We reviewed the clinical findings of 148 pa- 
tients, ages 18 to 49 years, with autosomal 
dominant retinitis pigmentosa who had donat- 
ed a blood specimen for molecular genetic stud- 
ies of their leukocyte DNA. All 148 patients 
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TABLE 1 
FINDINGS ON HISTORY IN AFFECTED PATIENTS 


rr 


CASE NO., AGE OF ONSET AGE OF ONSET 
FAMILY NO., OF NIGHT BLINDNESS OF DIFFICULTY 
AGE (yrs), SEX (YRS) WITH SIDE VISION (YRS) 
1, 6003, 22, M 14 14 
2, 3570, 25, M 12 20 
3, 0140, 30, M Near birth 12 
4, 6073, 31, F 8 16 
5, 5683, 32, F 13 27 
6, 5864, 35, F 16 22 
7, 0771, 35, M 6 23 
8, 6473, 45, M 18 21 





were from separate families and resided in the 
United States or Canada. Each patient was from 
a family with a dominant mode of transmission 
of retinitis pigmentosa over at least three con- 
secutive generations. Eight of these patients 
had a cytosine-to-thymine transition heterozy- 
gously in the second nucleotide base of codon 
347 (cytosine-cytosine-guanine to cytosine-thy- 
mine-guanine) corresponding to a substituton 
of leucine for proline, whereas 140 of these 
patients did not have this mutation.’ All 148 
patients had retinal arteriolar narrowing; most 
had intraretinal bone spicule pigmentation. We 
also reviewed the ocular findings in eight clini- 


cally affected relatives of three of the eight 
patients with this mutation. These relatives 
were selected because they had already provid- 
ed blood specimens for DNA analysis; all eight 
relatives also had the same cytosine-to-thy- 
mine transition in the second nucleotide base 
of codon 347 of the rhodopsin gene. 

All eight patients with this mutation had 
European family origin with no single country 
predominating. Three reside in New England, 
two in the mid-Atlantic states, and three in 
midwestern states. 

The 148 patients with dominant retinitis pig- 
mentosa completed a questionnaire regarding 
the age of onset of night blindness and age of 
onset of difficulty with side or peripheral vi- 
sion. We evaluated their distance Snellen and 
Ferris visual acuities, kinetic Goldmann visual 
fields, intraocular pressure by applanation to- 
nometry, dark-adapted full-field electroretino- 
grams, retinal visual acuities, slit-lamp appear- 
ance of each lens, and fundus appearance by 
ophthalmoscopy as described previously.* Slit- 
lamp examination was performed to determine 
presence or absence of a central posterior sub- 
capsular cataract in each eye. Ophthalmoscopic 
examination was performed to determine 
whether or not cystoid macular edema could be 
seen and whether intraretinal bone spicule pig- 
ment was in the periphery in all four quadrants. 


TABLE 2 
FINDINGS ON OCULAR EXAMINATION IN AFFECTED PATIENTS 





INTRARETINAL BONE 


VISUAL ACUITY 
CASE NO., REFRACTIVE SPICULE PIGMENT IN 
AGE (yrs) EYE SNELLEN FFERRIS* RETINAL ERROR LENS FOUR QUADRANTS 
ar RE: 20/27 54 20/33 +0.50 -1.25 x 95 Clear Yes 
LE. 20/30 47 20/37 +0.50 —1.75 x 80 Clear Yes 
2,20 R.E. 20/85 24 20/112 +2.00 -1.50 x 172 Posterior subcapsular opacity Yes 
LE. 20/82 31 20/120 +3.00 -1.87 x 170 Posterior subcapsular opacity Yes 
3, 30 R.E. 20/20 59 20/20 +0.87 —0.87 x 15 Clear Yes 
LE 20/20 59 20/24 +0.87 —1.12 x 160 Clear Yes 
4, 31 R.E. 20/21 58 20/20 — 1.37 —0.62 x 7 Posterior subcapsular opacity Yes 
LẸ.: 20/21 58 20/20 —1.75 —1.00 x 180 Posterior subcapsular opacity Yes 
5, 32 R.E. 20/33 50 20/36 +0.87 —2.50 x 15 Posterior subcapsular opacity Yes 
LE. 20/52 39 20/42 +0.50 -3.00 x 177 Posterior subcapsular opacity Yes 
6, 35 R.E. 20/37 44 20/37 —0.62 —0.50 x 22 Posterior subcapsular opacity Yes 
LE. 20/41 41 20/34 +0.37 Posterior subcapsular opacity Yes 
7, 35 R.E. 20/37 44 20/25 —3.25 —0.62 x 60 Posterior subcapsular opacity Yes 
LE. 20/30 47 20/25 —3.37 —0.50 x 150 Posterior subcapsular opacity Yes 
8, 45 R.E. 20/93 31 20/102 +125 —G.75 x 157 Posterior subcapsular opacity Yes 
LE. 20/42 42 20/47 +0.75 —1.25 x 177 Posterior subcapsular opacity Yes 


*Number of letters read; 65 letters equals Snellen equivalent of 20/20. 
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Visual fields were plotted with a digitizing 
tablet, and the total area for each eye was 
quantified by a computer in square degrees and 
expressed as an equivalent circular area or 
equivalent circular diameter. Electroretino- 
grams were quantified with respect to peak-to- 
peak amplitudes for the mixed cone-rod 
responses to 0.5-Hz white flashes, the cone-iso- 
lated responses to 30-Hz white flashes, and the 
30-Hz cone b-wave implicit times (that is, the 
time intervals between each flash of light and 
the corresponding cornea-positive peak) as de- 
scribed previously.” 

The data derived from ocular examinations of 
the 148 patients with dominant retinitis pig- 
mentosa were coded by one person and checked 
by another; data were then keypunched, veri- 
fied, and stored on a magnetic tape for data 
processing. Data were then validated for errors 
and inconsistencies and corrected as necessary. 
Comparisons were made between the group of 
eight unrelated patients with this mutation and 
the group of 140 unrelated patients without 
this mutation. Each of the 148 patients was 
examined twice within six weeks, and an aver- 
age score for each eye was computed for each 
test parameter. For the purpose of statistical 
analysis, an average of these scores for the two 
eyes was used. Since the distributions of Snel- 
len distance visual acuities, retinal visual acui- 
ties, visual field equivalent circular areas, and 
electroretinogram amplitudes were skewed, the 
data were transformed using the log, scale to 
approximate better a normal distribution for 
each parameter for purposes of statistical anal- 
ysis. Data for continuous variables, such as 
best-corrected visual acuity or spheric refrac- 
tive error, were analyzed using t-tests for uni- 
variate analyses.” Discrete variables, such as 
presence or absence of posterior subcapsular 
cataract in both eyes or presence or absence of 
bone spicule pigment in all four quadrants of 
the fundus periphery in both eyes, were ana- 
lyzed with the Yates corrected chi-square test or 
Fisher’s exact test.” Age of onset of night blind- 
ness and age of onset of difficulty with side 
vision were evaluated by using the log-rank 
life-table method of analysis; patients who did 
not yet have night blindness or who had not yet 
reported visual field loss were treated as cen- 
sored observations with the length of the 
follow-up period equal to their current age." 
Multiple regression analysis used group mem- 
bership, age, and sex as the independent varia- 
bles and selected ocular findings as the depen- 
dent variables. This allowed assessment of 


TABLE 3 
VISUAL FIELDS AND ELECTRORETINOGRAMS IN 
AFFECTED PATIENTS 





ELECTRORETINOGRAM!' 


0.5-HZ 30-HZ 30-HZ 
AMPLI- AMPLI- IMPLICIT 


VISUAL FIELD* 
CASE NO., S UE TUDE TIME 
amd ie Ah a a a 2 at AE aa E aaa A 
1,22 RE. 7194 96 33 11 47 
LE. 6742 93 29 1.4 48 
2,25 RE. 384 22 12 10 42 
LE. 326 20 ie ti 43 
3,30 RE. 2197 53 18 10 40 
L.E. 2222 53 30 12 41 
4,31 RE. 2718 59 32 O07 39 
L.E. 3052 62 27 06 41 
5,32 RE. 2075 51 16 0.2 34 
L.E. 1992 50 16 0.2 34 
6,35 RE 186 15 1.1 0.2 43 
L.E. 189 15 NA? 0.2 47 
7,35 RE. 1658 46 10 07 35 
LE. 1773 47 13 06 34 
8,45 RE. 484 25 10 03 33 
LE. 536 26 10 0.3 34 


*Area is the visual field area including peripheral islands in 
degrees squared to a V,, white test light. Lower limit of normal is 
11,399 degrees squared. Diameter is equivalent circular diame- 
ter in degrees: ov as. 

tFull-field electroretinograms: normal limits are 0.5-Hz white 
=> 350 aV; 30-Hz white flicker = 50 aV; and 30-Hz b-wave 
implicit time = 32 msec. 

*NA indicates not available. 


differences between the two groups for selected 
ocular findings after correcting for age and 
sex.” 

We examined eight affected relatives from 
three of the families once. Their clinical 
findings provide additional data on the range of 
ocular abnormalities seen in patients with this 
mutation and show examples of some variabili- 
ty of clinical expression of this condition 
among patients of comparable age. 


Results 


The eight patients from separate families 
with dominant retinitis pigmentosa and rho- 
dopsin, proline-347-leucine reported some var- 
iability in the age of onset of night blindness 
(Tables 1 through 3). For example, one patient 
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TABLE 4 
GROUP COMPARISONS OF PATIENTS WITH (GROUP 1) AND WITHOUT (GROUP 2) PROLINE-347-LEUCINE 
RHODOPSIN MUTATION 


a eee UE UIE Uy UES IEEE SUSIE 


P VALUE 
PARAMETERS GROUP 1 (N = 8) GROUP 2 (N = 140)* t-STAT P VALUE (CORRECTED)* 

Snellent +0.61 + 0.49 (20/37) +0.54 + 0.54 (20/34) +0.33 NS NS 
visual acuity 

Ferris +45.28 + 10.48 +48.36 + 9.16 —0.92 NS NS 
visual acuity 

Retinal? +0.64 + 0.59 (20/38) +0.48 + 0.40 (20/32) +1.08 NS NS 
visual acuity 

Spheric refractive error +0.07 + 1.78 —0.21 + 3.64 +0.21 NS NS 

Cylindric refractive error —1.19 + 0.78 —1.16 + 0.98 +0.10 NS NS 

Intraocular pressure (mm Hg) 12.16 + 1.42 11.92 + 2.08 +0.31 NS NS 

Visual field area (deg’)* 7.11 + 1.21 (1224) 7.99 + 1.32 (2951) — 1.84 NS .046 

0.5-Hz electroretinogram (V)* 0.52 + 0.44 (1.68) 1.79 + 1.31 (5.99) —6.57 <.001 .008 

30-Hz electroretinogram (uV) —0.62 + 0.75 (0.54) +0.65 + 1.59 (1.91) —4.27 <.001 .026 

30-Hz electroretinogram (msec) 39.44 + 5.13 42.22 + 4.37 —1.73 NS NS 


*Ferris visual acuity was measured in 139 patients, retinal visual acuity in 138, and 0.5-Hz electroretinogram in 137. 

tP value corrected for age and sex based on multiple regression analysis. NS indicates not significant. 

tMean value + standard deviation for this parameter is presented in the natural log, scale. Geometric mean for visual acuity, shown in 
parentheses, was calculated as the antilog of the natural log mean x 20. Geometric mean for visual field and electroretinogram 
amplitude, shown in parentheses, was calculated as the antilog of the natural log mean. Electroretinogram responses to 0.5 Hz that 
were nondetectable (ie, <1.0 uV) were set to 1.0 uV for purposes of analysis. 


reported that the onset of night blindness was 
near birth, whereas another patient first ob- 


Some older patients with this mutation report- 
ed better distance and retinal visual acuities 


served night blindness at age 18 years. Most did 
not report difficulty with side vision until after 
age 19 years, but one patient reported onset at 
age 12 years, whereas another patient denied 
any loss of side vision until age 27 years. Some 
interfamilial clinical variability was also evi- 
dent in the findings on ocular examination. 


#0140 








than younger patients (Table 2). Some older 
patients retained larger visual field areas than 
younger patients (Table 3). One patient (Case 6) 
at age 35 years had a smaller visual field area 
than another patient (Case 7) at age 35 years. 
Mean values for Snellen visual acuity, Ferris 
visual acuity, retinal visual acuity, spheric and 


Fig. 1 (Berson and associ- 
ates). Pedigrees of families 
0140, 3570, and 6003 with 
autosomal dominant retinitis 
pigmentosa with a cytosine- 
to-thymine transition in co- 
don 347 of the rhodopsin 
gene. Solid symbols indicate 
affected individuals; open 
symbols indicate unaffected; 
slashed symbols indicate de- 
ceased; oblique arrows indi- 
cate Cases 3, 2, and 1, respec- 
tively. 
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TABLE 5 
FINDINGS ON HISTORY IN AFFECTED RELATIVES 





AGE OF ONSET AGE OF ONSET 


OF NIGHT OF DIFFICULTY WITH 
CASE NO., FAMILY NO., BLINDNESS SIDE VISION 
PEDIGREE,* AGE (yrs), SEX (YRS) (YRS) 
9, 0140, IV-5, 13, M 2 8 
10, 0140, IIl-10, 16, F 12 12 
11, 0140, Ill-2, 25, F 10 10 
12, 0140, Ill-11, 26, M 10 22 
13, 0140, Il-8, 42, F Near birth Near birth 
14, 0140, Il-4, 48, M 12 12 
15, 3570, Il-3, 31, M Near birth 18 
16, 6003, III-2, 18, M None 13 





“Designates relative position in pedigree for each family in 
Figure 3. 


cylindric refractive errors, intraocular pressure 
by applanation tonometry, visual field area, 
and electroretinogram amplitudes and cone im- 
plicit time for the eight patients with this muta- 
tion (Group 1) were compared with the 140 
patients without this mutation (Group 2) (Table 
4). The mean age (+ standard deviation) of 
Group 1 was 31.9 + 7.0 years and of Group 2 
was 32.7 + 8.3 years (not significant). Sex ratios 
for Group 1 (five men, three women) and Group 
2 (73 men, 67 women) were also not significant- 
ly different. Mean spheric and cylindric refrac- 
tive errors and mean intraocular pressure were 


not significantly different between the two 
groups. Mean visual field area was significantly 
smaller in Group 1 compared to Group 2 after 
correcting for age and sex. Mean electroretino- 
gram amplitudes, both to 0.5-Hz white light 
and to 30-Hz white flicker, were also signifi- 
cantly smaller in Group 1 than in Group 2, 
whereas mean cone b-wave implicit time to 
30-Hz white flicker was not significantly differ- 
ent between the two groups. 

A life-table analysis comparing the two 
groups with respect to age of onset of night 
blindness by history showed that the median 
age of onset of night blindness was 12.5 years 
for Group 1 and 14 years for Group 2 (not 
significant by log-rank test). A life-table analy- 
sis disclosed no difference between the two 
groups with respect to age of onset of difficulty 
with side vision by history; the median age of 
onset of difficulty with side vision was 20.5 
years for Group 1 and 23 years for Group 2. 

Slit-lamp examination disclosed that six of 
eight patients (75%) in Group 1 had a central 
posterior subcapsular cataract in both eyes, 
whereas 86 of 140 patients (61%) in Group 2 
had this finding. Intraretinal bone spicule pig- 
ment was noted in all four quadrants of both 
eyes in all patients in Group 1 and 111 of 140 
patients (79%) in Group 2. Cystoid macular 
edema was seen in both eyes in one of eight 
patients (12%) in Group 1 and 15 of 140 pa- 
tients (11%) in Group 2. Comparisons between 


TABLE 6 
FINDINGS ON OCULAR EXAMINATION IN AFFECTED RELATIVES 


EEE 


CASE NO., SNELLEN 
FAMILY NO., VISUAL REFRACTIVE 
AGE (YRS) EYE ACUITY ERROR 
9, 0140, 13 R.E. 20/25 +3.00 -—3.25 x 175 
L.E. 20/20 +3.25 —3.75. x 180 
10, 0140, 16 R.E. 20/25 Plano —2.00 x 158 
LB. 20/25 Plano —1.75 x 34 
11, 0140, 25 R.E. 20/200 +1.25 
LE. 20/200 +1.25 
12, 0140, 26 R.E. 20/70 +0.50 —1.00 x 20 
LE. 20/20 +0.50 —0.50 x 135 
13, 0140, 42 R.E. 20/400 +1.50 —3.50 x 180 
LE. 20/400 +1.50 —3.50 x 180 
14, 0140, 48 R.E. 20/60 “—O.79 =0.75 X45 
L.E. 20/40 +150 -0.75 x 135 
15, 3570, 31 R.E. 20/30 +5.00 —2.00 x 180 
LE. 20/40 +1.00 —1.50 x 175 
16, 6003, 18 R.E. 20/27 +1.12 =1.75 x 180 
LE. 20/44 +0.75 —1.62 x 180 


INTRARETINAL 
BONE SPICULE 


PIGMENT 

LENS IN FOUR QUADRANTS 
Clear No 
Clear No 
Posterior subcapsular cataract Yes 
Posterior subcapsular cataract Yes 
Clear Yes 
Clear Yes 
Clear Yes 
Clear Yes 
Posterior subcapsular cataract Yes 
Posterior subcapsular cataract Yes 
Posterior subcapsular cataract Yes 
Posterior subcapsular cataract Yes 
Pseudophakia Yes 
Pseudophakia Yes 
Clear Yes 
Clear Yes 


Eee 
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TABLE 7 
DARK ADAPTATION, VISUAL FIELDS, AND ELECTRORETINOGRAMS IN AFFECTED RELATIVES 


CASE NO., VISUAL FIELDt 
FAMILY NO., DARK 
AGE (yrs) EYE ADAPTATION" AREA DIAMETER 
9, 0140, 13 R.E. 25 8231 102 
L.E. 2.5 7274 96 
10, 0140, 16 R.E. 1.5 9847 112 
LE. 1:9 10070 113 
11, 0140, 25 R.E. 4.0 3138 63 
LE. NA 3830 70 
12, 0140, 26 R.E. 2.5 1246 40 
L.E. 2.3 1118 38 
13, 0140, 42 R.E. 4.0 NA NA 
LE. NA NA NA 
14, 0140, 48 R.E. 3.5 78 10 
LE 3.5 78 10 
15, 3570, 31 R.E. 3.0 305 20 
LE: 3.0 613 28 
16, 6003, 18 R.E. NA 10861 118 
LE. NA 11821 123 


ELECTRORETINOGRAMS? 


0.5-HZ AMPLITUDE 30-HZ AMPLITUDE 30-HZ IMPLICIT TIME 


(uV) (aV) (MSEC) 
41 47 41 
41 35 41 
53 24 34 
NA‘ NA NA 
ND’ ND ND 
ND ND ND 
1.0 0.2 39 
1.4 0.4 39 
ND ND ND 
NA NA NA 
ND ND ND 
NA NA NA 
<1.0 0.3 34 
<1.0 0.3 34 
Eef 6.1 45 
8.1 5.5 45 


*Final threshold after 45 minutes of dark adaptation expressed as log units above normal to 11-degree white test light in 
Goldmann-Weekers adaptometer fixated centrally or 7 degrees above fovea. 
tArea is the visual field including peripheral islands in degrees squared to a V,, white test light. Lower limit of normal is 11,399 degrees 


squared. Diameter is equivalent circular diameter in degrees: 2V “=. 


*Full-field electroretinograms: normal limits are 0.5-Hz white = 350 uV; 30-Hz white flicker = 50 aV; and 30-Hz b-wave implicit time = 


32 msec. 


‘NA indicates not available and ND indicates not detectable without computer averaging (ie, < 10 uV). 


Group 1 and Group 2 for these three parameters 
disclosed no statistically significant differences. 

In eight affected relatives from three families 
(Fig. 1), ages at onset of night blindness and 
visual field loss by history differed among 
members of the same family (Tables 5 through 
7). For example, in family 3570 one member 
reported night blindness near birth, whereas 
his brother (Case 2 in Table 1) reported night 
blindness at age 12 years. In family 0140, Case 
12 noticed loss of side vision at age 22 years, 
whereas his father (Case 14) noticed loss of side 
vision at age 12 years. In family 0140 (Table 6), 
visual acuities ranged from 20/200 in Case 11, 
age 25 years, to 20/20 in Case 3, age 30 years 
(Table 2). Case 11 had a 4.0-log unit increase of 
dark adaptation threshold at age 25 years, 
whereas Case 12 had a 2.3- to 2.5-log unit 
increase at age 26 years. 

Clinically affected patients from family 0140 
younger than age 20 years with rhodopsin, 
proline-347-leucine showed nondetectable rod 
responses to blue light, reduced responses to 
single flashes of white light, and reduced and 


delayed cone responses to 30-Hz white flicker 
(Fig. 2). One patient (Case 11), age 25 years, 
had nondetectable responses to all test stimuli. 
This patient was representative, since all pa- 
tients with this mutation older than age 20 
years whom we examined had electroretino- 
gram responses that were less than 10 pV to 
0.5-Hz white light or 30-Hz white flicker. 

In fundus photographs from four patients 
from separate families, Case 12 (photographed 
at age 26 years) from one family showed more 
intraretinal pigment than Case 4 (photograph- 
ed at age 32 years) from another family (Fig. 3). 
The fundus photographs of Case 6 at age 38 
years and Case 8 at age 47 years showed typical 
deposition of intraretinal pigment around the 
midperiphery. 


Discussion 


Eight unrelated patients with autosomal 
dominant retinitis pigmentosa and rhodopsin, 
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Fig. 2 (Berson and associates). Full-field electroret- 
inograms from an unaffected relative and three 
affected relatives in family 0140 with autosomal 
dominant retinitis pigmentosa and rhodopsin, pro- 
line-347-leucine. Stimulus onset is the vertical 
hatched lines for the left and middle columns and 
vertical lines for the right column. Two or three 
consecutive sweeps are superimposed. Horizontal 
arrows in the right column designate cone b-wave 
implicit times. Calibration symbol (lower right) des- 
ignates 50 msec horizontally and 100 pV vertically. 


proline-347-leucine had significantly less visu- 
al function as monitored by visual field and 
electroretinogram amplitudes than 140 unre- 
lated patients of comparable average age with 
autosomal dominant retinitis pigmentosa with- 
out this mutation. These data, based on 
findings at initial visits, suggested two possible 
explanations for the apparent disparity be- 
tween these two groups regarding loss of func- 
tion. The first is that the time of onset of 
degeneration is earlier in the group with this 
mutation than in the group without this muta- 
tion and that both groups have a similar rate of 
degeneration. The second possibility is that the 
rate of degeneration is faster in the group with 
this mutation than in the group without this 
mutation. A prospective longitudinal study of 
subsets of patients with or without this muta- 
tion would help to explain this disparity. 

The electroretinogram findings differed from 
those previously described in a group of 17 
patients (mean age, 37 years) with autosomal 
dominant retinitis pigmentosa and rhodopsin, 
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proline-23-histidine.* Patients with proline-23- 
histidine had on average larger electroretino- 
gram amplitudes than a group of patients with 
dominant retinitis pigmentosa without this mu- 
tation. The mean electroretinogram response to 
single 0.5-Hz flashes of white light was almost 
tenfold larger (that is, 14.4 uV) than that re- 
corded from patients with proline-347-leucine 
(that is, 1.7 wV). The mean cone response to 
30-Hz flicker was also tenfold larger for the 
proline-23-histidine group (that is, 5.5 pV) 
compared with that for the proline-347-leucine 
group (that is, 0.5 uV). The electroretinogram 
findings would support the idea that patients 
with proline-23-histidine generally have a less 
severe disease than those with rhodopsin, pro- 
line-347-leucine. 

Patients with the common forms of retinitis 
pigmentosa lose 16% of remaining full-field 
electroretinogram amplitude per year to 0.5-Hz 
white stimuli.” If we assume this same exponen- 
tial rate of decline applies to patients with 
either the proline-23-histidine or the proline- 
347-leucine mutation and that both have the 
same age of onset, then the proline-23-histi- 
dine group, with a mean age of 37 years and an 
electroretinogram amplitude of 14.4 pV on ini- 
tial examination, has an estimated 33 years of 
remaining vision and would be expected to 
become virtually blind (that is, = 0.05 pV) by 
age 70 years. By the same calculation, the 
proline-347-leucine group, with a mean age of 
32 years and an electroretinogram amplitude of 
1.7 V on their initial examination, has an 
estimated 21 years of remaining vision and 
would be expected to become blind by age 53 
years. Although these estimates are based on 
small numbers and need to be confirmed by a 
prospective longitudinal study, the available 
data suggest that patients with rhodopsin, pro- 
line-23-histidine would be expected to retain 
vision 17 years longer than patients with rho- 
dopsin, proline-347-leucine. 

Since no clinically unaffected individuals 
have shown the proline-347-leucine mutation, 
this form of dominant retinitis pigmentosa can 
now be diagnosed through analysis of leuko- 
cyte DNA. Patients so identified should have an 
ocular examination and electroretinogram to 
determine the extent of retinal malfunction, as 
some variability in clinical expression can exist 
at a given age among patients with the same 
mutation. As larger numbers of patients with 
the proline-347-leucine mutation are identi- 
fied, this variability can be assessed statistically 
after taking age into account. Risk factor analy- 
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Fig. 3 (Berson and asso- 
ciates). Representative fun- 
dus photographs of Case 12 
(top left), Case 6 (top right), 
Case 4 (bottom left), and 
Case 8 (bottom right) with 
autosomal dominant retinitis 
pigmentosa with rhodopsin, 
proline-347-leucine show the 
extent of intraretinal bone 
spicule pigmentation among 
patients with this gene de- 
fect. 


Cytoplasm 
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intradiscal space 


Fig. 4 (Berson and associates). Model of the rhodopsin protein in a rod outer segment disk membrane. Each 
letter signifies an amino acid residue, using the standard one-letter code. The protein traverses the outer segment 
disk membrane seven times, so that different portions of the molecule are in the cytoplasm, within the outer 
segment membrane, or in the intradiscal space. The amino acids that are affected by point mutations reported in 
patients with autosomal dominant retinitis pigmentosa are circled. The lysine residue (K) highlighted with a 
square in the seventh transmembrane domain is covalently bound to vitamin A aldehyde (that is, 11-cis-retinal). 
Glycosylation sites are labeled near the N-terminal of the protein. The dotted line designates a disulfide bond 
between two cysteines in separate intradiscal loops. 
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Fig. 5 (Berson and associates). Schematic represen- 
tation of normal folded rhodopsin molecule in rod 
outer segment membrane that normally forms a 
pocket (partially cut away) to hold a molecule of 
11-cis-retinal. Positions are shown for four amino 
acids affected by mutations found in patients 
with autosomal dominant retinitis pigmentosa. 
Pro347Leu indicates proline-347-leucine; Pro347Ser 
indicates proline-347-serine; Thr58Arg indicates 
threonine-58-arginine; Pro23His indicates proline- 
23-histidine; N-Ac indicates the acetylated amino 
terminus of the polypeptide chain; and COOH indi- 
cates the carboxy terminus of the molecule. 


ses of patients with this mutation followed up 
over years may help to determine ameliorating 
or aggravating factors that may be affecting the 
course of this condition and its expression at a 
given age, with possible implications for thera- 


Since all the patients we have described with 
any of the rhodopsin mutations are heterozy- 
gotes,°* we can speculate that their rod photore- 
ceptors produce normal and mutant molecules 
of rhodopsin in approximately a 50:50 ratio. 
The normal molecules presumably are incorpo- 
rated in the outer segment and account for the 
presence of some rod function seen in the early 
stages of this condition. The mutant molecules 
of rhodopsin are perhaps abnormally degraded 
in the inner segment; or if they reach the outer 
segment, these mutant molecules possibly in- 
terfere with outer segment function or photore- 
ceptor—pigment epithelial cell interactions. 

Each rhodopsin molecule normally traverses 
the rod outer segment membrane seven times 
(Fig. 4) and is folded in three dimensions, with 
the first and seventh transmembrane segments 
probably in close proximity (Fig. 5). Loops on 
the intradiscal side as well as the region near 
the amino-terminal tail are thought to be essen- 


tial for the correct folding of the molecule,” 
whereas some loops on the cytoplasmic side 
appear to interact with transducin as an early 
step in the phototransduction cascade.” The 
folded molecule normally forms a pocket for 
vitamin A aldehyde (that is, 11-cis-retinal), 
which is bound covalently to a lysine residue at 
position 296, designated by the letter K in the 
seventh transmembrane segment. The proline- 
23-histidine mutation may interfere with the 
overall folding of rhodopsin and thereby modi- 
fy the capacity of the pocket to hold vitamin A. 
Since threonine is neutral and arginine is 
charged, the threonine-58-arginine mutation in 
the first transmembrane segment may alter the 
properties of the pocket. It has been speculated 
that the proline-347-leucine or proline-347- 
serine mutations may affect assembly or trans- 
port of molecules through the inner segment, 
with consequent accumulation of these mole- 
cules in the rough endoplasmic reticulum or in 
the Golgi apparatus”; this accumulation may 
compromise viability of rod photoreceptors. 
Studies of transgenic mice as well as cultured 
cell systems with these mutations should help 
to define the precise mechanisms by which 
these gene abnormalities lead to rod photore- 
ceptor cell death. 
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An Eyelash Nidus for Dacryoliths of the Lacrimal 
Excretory and Secretory Systems 





Keith H. Baratz, M.D., George B. Bartley, M.D., R. Jean Campbell, M.D., 
and James A. Garrity, M.D. 


We treated two patients with dacryolithiasis 
secondary to an eyelash. The first patient un- 
derwent dacryocystorhinostomy for a stone 
within the lacrimal sac. In the second patient 
the dacryolith was removed from a lacrimal 
gland ductule. Eyelashes found in the tear film 
or conjunctival fornices during routine exam- 
ination should be removed to prevent the 
possible occurrence of dacryolithiasis. 


Dacryoutus may occur in the lacrimal gland 
ductules, canaliculi, lacrimal sac, or nasolacri- 
mal duct. Except for canalicular concretions 
classically associated with Actinomyces species 
infection, the origin of such stones is not well 
understood. Early case reports of nasolacrimal 
duct dacryoliths described casts of material 
containing numerous fungal elements (Candida 
albicans).'* Subsequent studies of larger num- 
bers of cases varied greatly in finding a correla- 
tion between fungal infections and nasolacri- 
mal duct stones.*’ Likewise, little is known 
about the pathogenesis of stone formation in 
the unusual entity of lacrimal gland ductule 
stones.® 

In rare instances, an eyelash may be the nidus 
for symptomatic dacryolith formation. We 
treated two patients who had an eyelash-asso- 
ciated dacryolith; in one patient the stone was 
within the lacrimal sac, and in the other patient 
the dacryolith formed within a lacrimal gland 
ductule. 
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Case Reports 





Case 1 

A 64-year-old woman had epiphora from the 
left eye of two weeks’ duration. Her history was 
noncontributory for midfacial trauma, sinus 
disease, or sinus or nasal surgery. The left eye 
was quiet and white, and the left lacrimal sac 
was not palpable. Irrigation of saline through 
the left inferior canaliculus resulted in near 
total reflux without mucus or pus through the 
left superior punctum, although a small amount 
of irrigant passed into the nose. Because of the 
acute onset, lack of infection, and partial ob- 
struction, a dacryolith was suspected and treat- 
ed by dacryocystorhinostomy. The postopera- 
tive course was unremarkable. The dacryolith 
was composed of acellular, amorphous debris 
surrounded by an eyelash nidus (Figs. 1 and 2). 





Fig. 1 (Baratz and associates). Case 1. Dacryolith 
with eyelash nidus removed from the lacrimal sac 
(xX 3.5) 
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Fig. 2 (Baratz and associates). Case 1. The stone 
was composed of acellular, amorphous debris sur- 
rounding the pseudofollicle from which the eyelash 
emerged (hematoxylin and eosin, X 8). 


Case 2 

A 37-year-old man had a one-week history of 
pain and swelling of his right superotemporal 
orbit and injection of and discharge from the 
right eye. He had been aware of a nontender 
nodule in the region of the right lacrimal gland 
for approximately five years. Recently, the mass 
had shifted in position from above to below the 
lateral canthal tendon. 

On examination, the temporal bulbar con- 
junctiva of the right eye was injected moderate- 
ly and purulent discharge was noted at the 
lateral canthus. The temporal aspect of the right 
upper eyelid was edematous with tenderness 
on palpation of a 5-mm, firm, mobile, subcuta- 
neous mass immediately inferior to the lateral 
canthal tendon. With topical anesthesia, the 
palpebral conjunctiva adjacent to the nodule 
was incised. A large dacryolith was noted, al- 
though it could not be removed from this ap- 
proach. A lateral canthotomy was done to facili- 





Fig. 3 (Baratz and associates). Case 2. Dacryolith 
with eyelash nidus removed in several fragments 
from the lacrimal gland ductule. 


tate exposure, and the stone was removed in 
several fragments (Fig. 3). A densely calcified 
calculus surrounding an eyelash nidus was ap- 
parent on routine histopathologic examination 
(Fig. 4). A culture for fungus was negative. 


Discussion 


Dacryoliths are a significant cause of nasolac- 
rimal obstruction requiring dacryocystorhinos- 
tomy. In several previously reported series,” 
females are affected three times as frequently as 
males, and dacryolithiasis is more likely to 
occur in patients younger than 50 years of age 
(Table). In the series reported by Jones’ of 25 
stones in 180 dacryocystorhinostomies, only 
three dacryoliths were found in 123 patients 





Fig. 4 (Baratz and associates). Case 2. The stone 
was composed of calcium and amorphous material 
around the eyelash nidus (arrow), which enhanced 
with polarization (hematoxylin and eosin, X 160). 
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TABLE 


CLINICAL DATA ON PATIENTS WHO UNDERWENT DACRYOCYSTORHINOSTOMY FOR DACRYOLITHIASIS 


—_—_— ee SSS 


NO. OF DACRYOLITHS: 
NO. OF DACRYOCYSTO- 


STUDY RHINOSTOMIES 

Jones? 25:180 
Herzig and Hurwitz‘ 14:246 
Berlin, Rath, and Rich® 11:70 
Wilkins and Pressly® 16#:94 
Hawes’ 15:124 
Bartley (present report) 19:200 

Total 100:914 


“Includes only patients younger than 50 years. 
"NR indicates not reported. 
*Four patients had bilateral dacryoliths. 


older than 50 years, and the remaining 22 
stones were found in 57 patients younger than 
50 years. None of the stones occurred in pa- 
tients whose symptoms were related to trauma. 
Therefore, lacrimal drainage obstruction was 
secondary to a dacryolith in 22 of 34 patients 
(64.7%) younger than 50 years without a histo- 
ry of trauma. Conversely, Herzig and Hurwitz! 
found that half of the recovered nasolacrimal 
duct stones were from patients who had had a 
rhinoplasty, nasal or facial trauma, or lacrimal 
system scarring after an alkali burn. 

Dacryoliths of the lacrimal drainage system 
may cause recurrent dacryocystitis and sympto- 
matic nasolacrimal duct obstruction. The prob- 
lem may be chronic or intermittent. Smith and 
associates? provided evidence that lacrimal 
drainage symptoms secondary to dacryolithia- 
sis may be differentiated from more common 
forms of dacryocystitis. They described the syn- 
drome of acute dacryocystic retention as pain- 
ful nasolacrimal duct obstruction in the ab- 
sence of pronounced swelling and erythema. 
Gonnering and Bosniak" described a technique 
of percutaneous dacryolith evacuation as an 
alternative to dacryocystorhinostomy to treat 
this entity. 

Dacryoliths are suspected to develop from 
multiple causes. Early reports identified fungal 
elements within the calculus,!* whereas anoth- 
er review found hyphae or yeastlike structures 
in six of ten stones examined.’ Several other 
series*®’ identified no fungal elements in any of 
the stones examined histopathologically or by 
culture, although it should be noted that the 


NO. OF DACRYOLITHS IN: 


MALE: YOUNGER THAN 50 YEARS: 
FEMALE OLDER THAN 50 YEARS 

ise 22:3 

NRt NRt 

1:10 7:4 

2:10 5:7 

4:11 11:4 

1:18 10:9 

15:64 55:27 


dacryoliths were not always examined with 
special stains nor were cultures obtained on all 
specimens. Jones? commented that regional var- 
iations in environment may be responsible for 
statistical differences between reports and not- 
ed that some mycotic diseases were unusual in 
the cool temperatures of the Pacific Northwest 
from which he drew his patient base. Similarly, 
Hawes’ mentioned the dry Colorado climate in 
which he practiced as a factor against fungal 
stones. Wilkins and Pressly reported their 
study from Houston, Texas; a higher incidence 
of fungal calculi in this warm climate might be 
assumed but was not verified. A more detailed 
examination of dacryolith specimens and the 
epidemiologic characteristics of the patient 
population would be necessary before genera- 
lizing about a fungal cause in nasolacrimal 
stones. 

Herzig and Hurwitz‘ investigated tear elec- 
trolyte levels in patients with dacryoliths, but 
no correlation was found. The role of cosmetics 
in stone formation was discounted in one report 
on the basis that ‘‘dacryoliths are reported 
equally in both sexes.” This statement is in- 
correct in that stones are three times more 
common in females than males (Table). Addi- 
tionally, our observation of multiple flecks of 
makeup within a few dacryoliths suggests a 
possible contributory role. 

From a personal communication from Gun- 
derson, Garfin” reported a case of an eyelash 
nidus within a dacryolith of the lacrimal drain- 
age system. Jay and Lee” found an eyelash in 
the center of one limb of a Y-shaped dacryolith. 
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Other articles*’ reported no cilia within any 
calculi, although Jones’ did find an eyelash in 
the mucoid coating surrounding one stone. In 
our Case 1, the cilium was clearly at the center 
of the dacryolith with a pseudofollicle housing 
the foreign body. The rarity of this finding 
suggests that an eyelash nidus is an infrequent 
causative agent in nasolacrimal duct stones. 
Alternatively, it is possible that an eyelash 
carried into the lacrimal sac may contribute to 
the initial inflammatory reaction and stone for- 
mation and yet later be degraded as the 
dacryolith enlarges. 

Stones of the lacrimal gland ductules have 
been described infrequently. Baker and Bartley” 
reported two cases in which the cause of the 
stone was not apparent. Histopathologic exami- 
nation of the specimens showed amorphous 
debris around a nidus of unknown composition 
with polymorphonuclear leukocytes adherent 
to the external surface of the stones. Alizarin 
red stain for calcium was negative in each case. 

The findings in Case 2 demonstrate that a 
stone of the lacrimal gland may remain quies- 
cent for several years without inflammation, 
infection, or ductular cyst formation. 

Eyelashes are frequently observed floating in 
the tear film or in the conjunctival fornices 
during routine examinations. Although the 
finding is of little clinical significance in most 
cases, such eyelashes should be removed to 
prevent the potential unusual occurrence of 
dacryolithiasis. 
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The Elastic Properties of the Lens Capsule in 


Capsulorhexis 





Ehud I. Assia, M.D., David J. Apple, M.D., Julie C. Tsai, M.D., 
and Edward S. Lim, M.D. 


We investigated the ability of the anterior 
lens capsule to stretch and allow removal of 
lens substance and intraocular lens implanta- 
tion through a continuous circular capsulor- 
hexis. Capsulorhexis of various sizes (2.5 to 
7.5 mm) were performed in 50 eyes obtained 
post mortem from 31 patients. The nucleus 
and cortex were removed by either phacoemul- 
sification (35 eyes) or manual extracapsular 
cataract extraction (15 eyes). The opening of 
the capsule was then gradually enlarged, us- 
ing a modified caliper with two pins attached 
to its tips, until the margins were torn. The 
capsule was torn when the circumference at 
the time of rupture was 1.6 times larger than 
the circumference of the original circular cap- 
sulectomy or 5.0 times larger than the diame- 
ter of the capsulectomy. Manual extraction of 
a lens nucleus with profile circumference (sag- 
ittal or anteroposterior) of 18.0 to 22.0 mm can 
be performed through a 5.5-mm opening and a 
6.0- to 7.0-mm optic intraocular lens (profile 
circumference of 13.0 to 17.0 mm) can be im- 
planted through a 4.5-mm capsulectomy. 


Tue CONFIGURATION AND SIZE of an anterior 
capsulectomy significantly affect the outcome 
of the cataract operation. Radial capsular tears 
often result in intraoperative or postoperative 
lens decentration.’* Continuous circular capsu- 
lorhexis was developed to assure an intact cap- 
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sulectomy margin and secure capsular intraoc- 
ular lens implantation.** The size and shape of 
the capsulectomy are determined before lens 
substance is removed and the intraocular lens is 
implanted. The diameter of the capsulectomy is 
always smaller than the diameter of the lens 
nucleus and is often smaller than the diameter 
of the intraocular lens optic. 

It is well known that the lens capsule has 
elastic properties.*® It is not clear, however, 
how much a circular continuous capsulectomy 
can be manipulated to allow safe removal of 
lens substance and implantation of an intraocu- 
lar lens while still avoiding tears and maintain- 
ing the integrity of the capsulectomy margin. 
The capsulorhexis technique is used mostly in 
phacoemulsification procedures. Krag, Thim, 
and Corydon,’ however, studied the stretching 
capacity of the capsule after capsulorhexis and 
concluded that nuclear removal can also be 
safely done by planned extracapsular cataract 
extraction. We investigated the elasticity of the 
lens capsule with a continuous circular capsu- 
lorhexis to determine what size anterior capsu- 
lectomy is needed for lens removal and intraoc- 
ular lens implantation. 





Material and Methods 





We studied 50 eyes obtained post mortem 
from 31 patients (13 men, 15 women, and three 
of unknown sex). Mean age of the patients was 
73.0 + 9.5 years (range, 52 to 89 years). The 
eyes were operated on one to seven days after 
death. Thirty-three eyes (66%) were operated 
on within three days after death. 

The corneas were removed, and the iris was 
excised down to its root. This permitted clear 
visualization of the entire anterior capsule, the 
anterior zonules, and the ciliary processes. A 
round, continuous capsulorhexis was per- 
formed with a bent 26-gauge needle on a 1-ml 
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syringe. Sizes ranged from 2.5 to 7.5 mm in 
diameter. In cases in which the capsulectomy 
was slightly oval, the largest diameter never 
exceeded 0.75 mm more than the smallest di- 
ameter. In such cases the value obtained was 
the mean between the longest and shortest 
diameters of the oval opening. The margins of 
the nucleus were delineated by hydrodissection 
and measured with Castroviejo calipers. Lens 
material was removed by either phacoemulsifi- 
cation (35 eyes) or by manual extraction (15 
eyes). In cases of manual extraction the diame- 
ter and thickness of the nucleus were measured 
after it was delivered. The stretch test was 
performed by using modified Vernier calipers 
(dial-type with metric scale; accuracy, 0.1 mm). 
Two pins were attached firmly to the tips of the 
calipers so that the outer edges of the pins lined 
up with the inner edges of the caliper tips. The 
pins were situated so that the diameter between 
the outer edges corresponded to the reading on 
the caliper scale. The heads of the pins were 
carefully introduced into the capsule, and the 
caliper was opened gradually until the margin 
of the capsulectomy was torn. The distance 





between the tips was then recorded. In three 
eyes the tear of the anterior capsule did not 
extend beyond the zonule-free area. This per- 
mitted the creation of a second large continu- 
ous capsulorhexis with a smooth margin and 
measurement of its elasticity. A total of 53 
measurements were taken. 

The circumference of the capsulectomy was 
calculated as follows: Cc = m X De (Cc = 
circumference of capsulectomy, Dc = diameter 
of capsulectomy). The circumference at the time 
of rupture was calculated as follows: Cr = 2 x 
Dr + 2.0 mm (Cr = circumference at rupture; Dr 
= diameter at rupture; + 2.0 mm = twice the 
measured length of contact between the pins 
and the capsule). 





Results 


OO 


The capsules in all cases stretched extensive- 
ly before they were torn. Figure 1 demonstrates 
the manipulations and measurements per- 
formed as the capsule is stretched by the cali- 





Fig. 1 (Assia and associates). Human eye obtained 
post mortem, with the cornea and iris removed, 
showing the capsular stretch test. Top left, A continu- 
ous circular capsulorhexis was performed and the 
lens substance removed. The diameter of the capsu- 
lectomy is 4.5 mm; the circumference (Cc) is there- 
fore 14.1 mm. Top right, The two pins attached to the 
caliper tips were introduced into the capsule through 
the capsulorhexis. The caliper was then gradually 
opened. Bottom left, Maximal stretch of the capsular 
opening immediately before rupture. The diameter is 
10.4 mm; the circumference is 22.8 mm. The ratio 
between circumference just before rupture and the 
circumference of the capsulectomy at rest (Cr:Cc) is 
1.62, indicating 62% elasticity of the capsule. 
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Fig. 2 (Assia and associates). The relationship be- 
tween the diameter of the anterior capsulectomy (Dc) 
(abscissa) and the circumference immediately before 
rupture (Cr) (ordinate) in all cases. The linear rela- 
tionship is plotted as the rupture line. 


per. A highly significant linear correlation was 
found between the circumference at rupture 
and the circumference of the capsulectomy (r = 
8956) (Fig. 2). This relation is expressed as: Cr 
= 1.5973 Cc + 0.064; or modified as: Cr = 1.6 
Cc; where Cr = circumference at rupture and Cc 
= circumference of capsulectomy. 

The ratio between Cr and Cc in the individual 
cases (Cr:Cc) was 1.6 + 0.2 (range, 1.15 to 
2.01). If the capsules had no elasticity, this ratio 
would have been expected to be 1.0. Both the 
equation and the ratio indicate that the capsule 
does indeed have elasticity, namely 0.6 mm for 
each 1.0 mm of capsulectomy or 60% elasticity. 
Since it is easier clinically for the surgeon to 
measure the diameter of the capsulectomy rath- 
er than to calculate its circumference, the fol- 
lowing equation, representing the relation be- 
tween the circumference at rupture (Cr) and 
diameter of capsulectomy (Dc), can be used: Cr 
= 5.0154 Dc + 0.064; or modified as: Cr = 5 De. 

To evaluate the opening circumference that is 
needed to allow lens removal, the dimensions 
of the lens and nucleus were measured. The 
mean diameter of the 15 crystalline lenses (be- 
fore extraction) was 9.76 + 0.34 mm (range, 9.0 
to 10.5 mm). The mean diameter of the extract- 
ed nuclei was 7.9 + 0.54 mm (range, 6.5 to 9.0 
mm) and their mean thickness was 3.61 + 0.25 
mm (range, 3.25 to 4.0 mm). During nucleus 
extraction the capsular opening must be large 
enough to permit passage of the nucleus at its 
largest circumference; that is, the central profile 
or sagittal circumference (Fig. 3). The largest 
profile circumference of a nucleus was calculat- 


ed to be approximately 20.0 mm (range, 18.0 to 
22.0 mm). The profile circumference of various 
types of intraocular lenses were also measured 
and were 13.0 to 15.0 mm for 6.0-mm optic 
intraocular lenses and 16.0 to 17.0 mm for 
7.0-mm intraocular lenses (respective to optic 
design and dioptric power). Using this equation 
and these measurements, one could predict 
what size of capsulectomy is needed for safe 
nucleus delivery or intraocular lens implanta- 
tion. The area below two standard deviations 
from the rupture line was considered as a rela- 
tive safe zone (Fig. 4). 

The elasticity of the capsule was not affected 
by the patient’s sex, the diameter of the capsu- 
lectomy, or the type of operation (phacoemulsi- 
fication or planned extracapsular cataract ex- 
traction). The interval between death and time 
of examination did not appear to affect the 
behavior of the capsules. Eyes measured five to 
seven days after death had similar results to 
eyes studied one to two days after death. Age 
played a significant role only in the younger 
patients (52 to 55 years, five eyes), in whom 
Cr:Cc ratio was significantly higher than that of 
the older patients (1.83 and 1.58, respectively; 
P = .00395). 





Discussion 





The elastic properties of the lens capsule 
have been recognized since Bowman demon- 
strated the ability of the capsule to return to its 
original shape after the lens was swollen with 
water and then punctured.’ The lens capsule is 
essentially a hypertrophied basement mem- 
brane whose unique arrangement of filaments 
demonstrates some properties of an elastic 
structure.’ Fisher®** and Fisher and Wakely’ 
thoroughly investigated the elastic constants of 
the human lens capsule and showed that the 
modulus of elasticity decreases significantly 
with age. The thickness of the capsule increases 
until the sixth decade and slightly decreases 
thereafter. The loss of elasticity is therefore 
accompanied by a loss of thickness during the 
aging process. The maximum amount of elon- 
gation before rupture was approximately 30%, 
irrespective of the patient’s age.’ 

Fisher also showed that there is no signifi- 
cant difference in the elasticity of the human 
lens capsule when measured two or nine days 
after death. In the rabbit eye, there were no 
differences in elasticity immediately after death 
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Fig. 3 (Assia and associates). During nucleus ex- 
traction or intraocular lens insertion the capsulecto- 
my engulfs the largest profile circumference of the 
nucleus or intraocular lens (bold line). The circum- 
ference (C) of a 5.0-mm circular capsulorhexis is 
sufficient to permit implantation of a 6.0-mm optic 
intraocular lens without stretching its margin. To 
express an 8.0 X 4.0-mm nucleus, however, the 
capsulorhexis must stretch, and its circumference 
must increase from 16.0 to 20.0 mm (25%). (CCC 
indicates continuous circular capsulorhexis, and IOL 
indicates intraocular lens.) 


and after two days.’ In our study, too, the elastic 
properties of the capsule were not affected by 
the time interval after death, probably because 
the lens capsule is a membrane and does not 
contain any living structures. The elasticity of 
the capsules observed in our study was higher 
in younger eyes (younger than 55 years) com- 
pared to older eyes. In patients older than 60 
years, however, age did not significantly alter 
capsular elasticity. 

During extracapsular cataract extraction the 
anterior capsule is opened to allow removal of 
lens substance and implantation of an intraocu- 
lar lens. The diameter of the capsulectomy is 
smaller than the diameter of the lens nucleus. 
Therefore, during planned extracapsular cata- 
ract extraction and manual lens removal, the 
nucleus confronts the capsular barrier. Using 
the capsulectomy technique that creates a sharp 
edge or serration on the edge of the anterior 
capsular tear will usually cause a radial tear to 
occur” and passage of the nucleus through the 
capsular opening is facilitated. A radial tear 
almost never extends beyond the equator to- 
ward the posterior capsule because of the sup- 
porting structure of the zonules."' Neverthe- 
less, the integrity of the capsule is lost and the 
long-term fixation and stability of the intraocu- 
lar lens is no longer assured. Capsulorhexis 
maintains an intact capsule as long as its mar- 
gin is intact. During lens removal, however, and 
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Fig. 4 (Assia and associates). The rupture line (RL) 
of the capsulectomy was drawn using the modified 
equation: Cr = 5.0 X Dc (Cr = circumference at 
rupture and Dc = diameter of the capsulectomy). The 
area below two standard deviations (—2SD) can be 
considered as the surgical relative safe zone. Based 
on our experimental data, an intraocular lens with a 
6.0-mm optic can be implanted through a 4.0-mm 
capsulectomy. A 7.0-mm optic can be inserted 
through a 4.5-mm capsulectomy. A nucleus with 
mean dimensions of 8.0 X 4.0 mm can be delivered 
through an opening of 5.5 mm without tearing the 
margin of the capsulorhexis (see Fig. 3). (IOL indi- 
cates intraocular lens.) 





often during intraocular lens implantation, the 
edges have to be stretched to enlarge the open- 
ing. In the case of a small opening, when the 
lens is removed by pressing the globe, an in- 
crease of the intravitreal pressure occurs, and 
the force needed to enlarge the elastic opening 
might exceed that which will rupture the zon- 
ules. Zonular rupture and even inadvertent 
intracapsular cataract extraction might thus oc- 
cur. In cases where planned extracapsular cata- 
ract extraction is done in association with con- 
tinuous circular capsulorhexis, the margins of 
the capsulectomy may rupture in an uncon- 
trolled manner. Some surgeons advocate mak- 
ing relaxing incisions (episiotomies) before the 
lens is removed.’ A creation of artificial radial 
cuts, however, is contrary to the surgeon's ef- 
forts and desire to perform a continuous 
smooth-edged capsulectomy that will maintain 
an intact capsule. A large anterior capsulecto- 
my may be attempted (more than 7 mm), but it 
may be directed outward by the zonules or may 
cause damage to the anterior zonules. The ante- 
rior zonules are attached 1.25 to 2.0 mm ante- 
rior to the equator, thus leaving only a 6.5- to 
7.0-mm zonule-free area. Other investigators 
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have suggested that the zonule-free area de- 
creases with age, and in the eighth decade it is 
often 6.0 mm and less." In rare cases, zonule- 
free areas as small as 1.8 to 2.1 mm were 
reported.” In all of our cases, however, a zon- 
ule-free area of 6.5 mm has been identified 
under high-power magnification. 

Our results indicate that the capsular opening 
can be enlarged by 0.6 mm for each 1.0 mm of 
capsulectomy before it ruptures. If one consid- 
ers two standard deviations below the rupture 
line as a zone of safety, it follows that a large 
nucleus can be delivered through a 5.5-mm 
opening without tearing of the capsule (Fig. 4). 
We would, however, recommend an opening of 
6.0 to 6.5 mm, in which less force is needed to 
stretch the capsule and deliver the nucleus. 
Assia and associates” demonstrated in a con- 
trolled laboratory study that a 6.0-mm capsu- 
lorhexis maintained its integrity in all cases, 
whereas other common types of capsulectomies 
were always associated with radial tears. To 
reduce the risks of tearing zonules it is probably 
best to deliver the nucleus by injection of fluid 
between the nucleus and the cortex (hydrodis- 
section) followed by manual extraction of the 
nucleus. With this technique the fluid pushes 
the posterior capsule backward as the nucleus is 
forced forward, and the zonules are subjected 
to minimal stress. In the case of lens removal by 
phacoemulsification, the diameter of the capsu- 
lectomy can be reduced to as small as 4.0 to 4.5 
mm and still permit safe implantation of an 
intraocular lens. A smaller capsulectomy prob- 
ably would not have any advantage since the 
anterior capsule usually opacifies. Also, if the 
central opening decreases in diameter secon- 
dary to capsular fibrosis and contraction, the 
optical area would be unacceptably reduced. 
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Magnetic Resonance Imaging Evaluation of Uveal Tumors 





William R. Raymond IV, M.D., Devron H. Char, M.D., David Norman, M.D., 
and Eugene E. Protzko, M.D. 


We detected seven tumors with magnetic 
resonance imaging, which demonstrate some 
of the uses and limitations of this diagnostic 
technique. In one patient, the correct diagno- 
sis of extraocular extension was demonstrated 
with magnetic resonance imaging when both 
clinical and ultrasonographic data were not 
diagnostic. In another case, an extremely 
small area of extraocular extension was de- 
tected with ultrasound evaluation but was not 
noted on magnetic resonance imaging. Mag- 
netic resonance imaging is highly reliable in 
the detection of intraocular tumors. In pig- 
mented uveal melanomas it is both sensitive 
and highly specific. In amelanotic processes 
magnetic resonance imaging can identify a 
mass but cannot always adequately character- 
ize it. Further experience will be necessary to 
determine the proper role of magnetic reso- 
nance imaging in the evaluation of uveal tu- 
mors. 


I+ is sometimes DIFFICULT to establish the cor- 
rect diagnosis of an atypical uveal lesion.’ Enu- 
cleations of eyes with suspected uveal melano- 
mas that have a simulating lesion on histologic 
examination are uncommon; however, some 
incorrect diagnoses still occur even after clini- 
cal examination, fluorescein angiography, ult- 
rasonography, or fine-needle aspiration biop- 
sy.”> The diagnostic accuracy of ancillary tests 
in unusual cases is uncertain. 

Magnetic resonance imaging of pigmented 
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uveal melanomas has a characteristic signal 
secondary to the paramagnetic properties of 
melanin.*! Some investigators have observed 
that magnetic resonance signal characteristics 
are diagnostic and have suggested that magnet- 
ic resonance imaging might be helpful in diffi- 
cult cases.*"! In addition to tumor characteriza- 
tion, magnetic resonance imaging can improve 
delineation of tumor margins and detection of 
extraocular extension.”'' We studied seven 
cases that demonstrate some advantages and 
limitations of magnetic resonance imaging in 
the evaluation of uveal tumors. 


Case Reports 


Case 1 

An 85-year-old woman underwent an un- 
complicated extracapsular cataract extraction. 
Postoperatively, she noted progressively de- 
creased vision, which was attributed initially to 
pseudophakic cystoid macular edema. Further 
examination disclosed a large choroidal mass, 
which was thought by the referring retinal 
consultant to be a serous choroidal detachment. 
When this lesion failed to resolve, the patient 
was referred for ocular oncologic examination. 
Fundus examination showed a large pigmented 
ciliochoroidal mass that involved more than 
five clock hours and was associated with an 
exudative hemiretinal detachment. The clinical 
appearance was most consistent with a cilio- 
choroidal melanoma. Findings commonly asso- 
ciated with serous or hemorrhagic choroidal 
detachments, such as anterior displacement of 
the iris-lens diaphragm or breakthrough hem- 
orrhage, were absent. 

The ultrasound pattern was not entirely diag- 
nostic. A ciliochoroidal mass was noted with an 
internal quiet zone and evidence of choroidal 
excavation. The internal echoes on quantitative 
echography dropped immediately almost to 
baseline. There were no spontaneous pulsa- 
tions, and maximum tumor thickness was 12.8 
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mm. Magnetic resonance findings were typical 
for a pigmented uveal melanoma with an exu- 
dative detachment. The lesion was well circum- 
scribed and exhibited high-intensity signal rel- 
ative to vitreous and brain on short TR 
(repetition time)/TE (echo time)(T,) images 
and was isointense to low-intensity signal on 
long TR/TE (T.) images (Fig. 1). 

The eye was enucleated, and histopathologic 
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Fig. 1 (Raymond and associates). A uveal melano- 
ma with an exudative detachment. On 4.0-mm thick 
coronal (top left) and axial (top right) 3-in surface 
coil short TR/TE images (800 msec/20 msec) the 
lesion is higher in signal intensity than both vitreous 
and mid intensity brain tissue. On the long TR/TE 
images (2,000 msec/80 msec) (bottom left) the tumor 
intensity is much lower than vitreous and slightly 
lower in intensity than normal brain. These signal 
characteristics are typical for melanotic melanoma. 
The circumferential high signal intensity collection 
on the short TR/TE image maintains a high signal on 
the long TR/TE image, which indicates an exudative 
detachment rather than choroidal extension of the 
tumor. 


examination disclosed a spindle-cell malignant 
melanoma. 


Case 2 

A 61-year-old man had contralateral amblyo- 
pia and an ipsilateral small melanoma that 
extended to the lateral edge of the fovea. A 
small amount of subretinal fluid, orange pig- 
ment, and drusen were present. The mass was 
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Fig. 2 (Raymond and associates). Axial 5.0-mm thick short TR/TE (600 msec/20 msec) (left) and long TR/TE 
(2,000 msec/100 msec) (right) images acquired with a head coil. A 15.0 x 5.0-mm well-circumscribed episcleral] 
mass of the right globe displaces the distal optic nerve to the left. The lesion was slightly hyperintense relative to 
vitreous on short TR/TE images but hypointense to vitreous and slightly hypointense to brain on the long 
TR/TE image. Tumor signal characteristics are compatible with melanotic melanoma. 


10.5 x 9.0 x 3.5 mm. Tumor growth was docu- 
mented, and the eye was treated with I 
brachytherapy. 

Early tumor regression was noted. Five 
months later decreased vision and radiation 
optic neuropathy were observed. The tumor 
had decreased in size to approximately 10.5 x 
9.0 x 2.8 mm. An unusual homogeneous area 
posterior to the sclera was noted on ultrasound. 
In consultation, several ocular oncologists be- 
lieved that this area represented a benign post- 
treatment change, although an extraocular ex- 
tension of melanoma could not be ruled out. 

Clinically, posterior tumor extension was be- 
lieved unlikely, since at plaque placement five 
months previously no extraocular extension 
was noted, the intraocular tumor had shrunk, 
the sclera received exponentially more irradia- 
tion than the tumor apex, and treatment replan- 
ning disclosed adequate radiation delivery. 
One month later a new area of exudative de- 
tachment inferior to the tumor was seen. Ultra- 
sound showed enlargement of the retroorbital 
mass. 

Magnetic resonance imaging disclosed a 
well-circumscribed 15.0 x 5.0-mm retrobulbar 
lesion (Fig. 2). It was hyperintense relative to 
vitreous but isointense with brain on both the 
short TR/TE and first echo of the long TR/TE 
images. The lesion was hypointense to both 
vitreous and brain on long TR/TE image. Mag- 
netic resonance findings were believed to be 
diagnostic for extraocular extension of the uve- 
al melanoma. 

Orbital exploration and fine-needle aspira- 


tion biopsy disclosed melanoma. An eyelid- 
sparing exenteration was performed, and on 
histopathologic examination a mixed-cell ma- 
lignant melanoma was noted (Fig. 3). There was 
no evidence of extension of the tumor through a 
suture tract at the site of “I plaque placement 
as the cause of tumor extension. 


Case 3 

A 61-year-old woman with a suspected mela- 
noma was referred by a retinal specialist. The 
patient noted decreased vision in the right eye 
approximately two months before the initial 
examination, when she inadvertently covered 
her left eye. A dense vitreous hemorrhage was 
found. On B-scan ultrasonography, a retinal 
detachment without an apparent associated 
mass was noted. A pars plana vitrectomy was 
performed, and a large pigmented choroidal 
mass with surrounding subretinal hemorrhage 
was discovered. She was referred to us for 
further examination and therapy. 

Our examination disclosed visual acuity of 
hand motions in the right eye. Examination of 
the anterior segment showed bilateral cataract- 
ous lens changes and injection of the conjuncti- 
va and sclera as a consequence of her recent 
surgery. Results of ophthalmoscopic examina- 
tion of the left eye were normal. Examination of 
the right fundus disclosed a core vitrectomy 
with a lesion overlying the disk that involved 
the macula. There was subretinal hemorrhage 
with a discrete pigmented lesion with a collar 
button configuration. The tumor measured 17.0 
x 13.0 x 6.8 mm (Fig. 4). No associated retinal 
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Fig. 3 (Raymond and associates). Gross histopatho- 
logic specimen demonstrating extraocular extension 
of uveal melanoma shown in Figure 2. 


detachment, orange pigment, or overlying 
drusen were present. 

The ultrasound pattern was not diagnostic for 
melanoma. No acoustic quiet zone, choroidal 
excavation, or orbital shadowing were seen. On 
quantitative echography this appeared to be a 
heterogenous lesion consistent with an extra- 
macular disciform process. Fluorescein angio- 
scopy showed only blockage of fluorescence. 
The magnetic resonance imaging scan dis- 
closed a pattern typical for an extramacular 
disciform process. On short TR/TE images the 
lesion was of high intensity compared to vitre- 
ous. On long TR/TE images it exhibited marked 
reduction in signal intensity compared to vitre- 
ous. This marked shortening of T, and T, relaxa- 
tion times would be unusual for a uveal mela- 
noma and more compatible with intracellular 
methemoglobin (Fig. 5). Serial clinical and ul- 
trasonographic examination demonstrated al- 
most entire resolution of this extramacular dis- 
ciform process. 


Case 4 

A 50-year-old woman was referred for exami- 
nation of a left ciliochoroidal mass with a sec- 
ondary retinal detachment. The patient had 
noted fuzzy vision approximately six months 
previously. At our examination, visual acuity 
was 20/25~—. An afferent pupillary defect was 
present. Slit-lamp examination disclosed two 
areas of apparent extrascleral pigmentation 
with an enlarged episcleral vessel between the 
6 o'clock and 8 o'clock meridians. The angle 


May, 1991 





Fig. 4 (Raymond and associates). Case 3, referred 
with a uveal melanoma. There was vitreous hemor- 
rhage and intralesional hemorrhage. Serial observa- 
tion demonstrated disappearance of this extramacu- 
lar disciform process. 


was Open, and no tumor was seen. A ciliocho- 
roidal pigmented mass that extended posterior- 
ly to within 7.5 mm of the optic disk involved 
almost the entire inferonasal quadrant. Subreti- 
nal hemorrhage and exudative retinal detach- 
ment were noted. The tumor dimensions were 
17.0 x 12.0 x 7.0 mm. The ultrasound pattern 
was consistent with melanoma, and on B scan 
an area of probable scleral penetration was 
seen, Magnetic resonance imaging was consis- 
tent with melanoma, but no extraocular exten- 
sion was demonstrated. Histopathologic exami- 
nation disclosed a mixed-cell ciliochoroidal 
melanoma, with a small area of localized, en- 
capsulated extraocular extension. 


Case 5 

A 31-year-old woman noted the onset of 
floaters and decreased vision in her left eye. 
Visual acuity was 20/20 in each eye, and re- 
sults of the anterior segment examination were 
normal. The entire inferior left fundus was 
darkly pigmented. A sharp line of demarcation 
separated this area from the normal-appearing 
superior fundus (Fig. 6). The inferior retina was 
flat except for an area at the temporal equator 
that was 10.5 x 10.0 x 6.3 mm and had indis- 
tinct margins. A collar button configuration 
was present without subretinal fluid. 

On ultrasound, the elevated portion of this 
lesion was consistent with melanoma. Fluores- 
cein angiography showed intrinsic vascularity 
and hot spots within the mass; only hypofluo- 
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Fig. 5 (Raymond and associates). Axial 3.0-mm images of lesion shown in Figure 4 demonstrate a lesion with 
high signal relative to vitreous on short TR/TE (600 msec/20 msec) images and low signal intensity on long 
TR/TE images (2,000 msec/80 msec). The marked T, shortening would be most unusual for melanoma and more 


compatible with intracellular methemoglobin. 


rescence, probably caused by blockage, was 
noted in the flat areas of abnormal pigmenta- 
tion. The magnetic resonance signal intensities 
were consistent with melanoma. The lesion had 
high signal intensity relative to vitreous and 
brain on short TR/TE images and low signal 
intensity relative to vitreous on long TR/TE 
images. No other abnormalities of the inferior 
fundus were detected. Histologic examination 
disclosed a mixed-cell melanoma in the elevat- 
ed area. A benign process accounted for pig- 
mentation of the inferior retina including reti- 
nal pigment epithelial hyperplasia and 
pigmented macrophages. 


Case 6 

A 27-year-old woman had blurred vision in 
the right eye. An amelanotic posterior mass 
was found, and she was referred to a retinal spe- 
cialist. Based on clinical examination and flu- 
orescein angiography, a small choroidal he- 
mangioma was diagnosed. She was treated with 
blue-green argon laser and was lost to subse- 
quent examination for approximately eight 
years. Upon her return, she had best-corrected 


visual acuity of counting fingers at 2 feet and a 
large nonpigmented, nodular tumor located in 
the macula. She was referred for examination 
and treatment of a recurrent uveal tumor. 
Results of the anterior segment examination, 
ocular motility, and intraocular pressure were 
all normal. A macular amelanotic tumor mea- 
suring 12.0 x 12.0 x 10.8 mm was noted. 
Subretinal fluid was noted directly over the 
lesion without a dependent exudative detach- 
ment. Ultrasound and fluorescein angiography 
were consistent with melanoma as was the 
magnetic resonance imaging. Magnetic reso- 
nance signal intensity differed from pigmented 
melanomas. It was isointense with brain on 
both short and long TR/TE images. There was 
high signal intensity relative to vitreous on 
short TR/TE images, but it was not as bright as 
usually observed with uveal melanomas. 


Case 7 

A 56-year-old woman noted the acute onset 
of decreased visual acuity in the right eye. 
Examination by an optometrist disclosed a reti- 
nal detachment, and she was referred to an 
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Fig. 6 (Raymond and associates). Case 5. Area of 
pigmentation away from the main melanoma mass. 
The nature of this pigmentation was uncertain. 


ophthalmologist, who found an exudative reti- 
nal detachment and a choroidal mass. The pa- 
tient had a 35-pack year smoking history and 
had vocal chord polyps. 

Examination disclosed best-corrected visual 
acuity of 20/20. The anterior segment was 
unremarkable. The left fundus was normal, but 
examination of the right fundus disclosed a 
large, lightly pigmented uveal tumor measur- 
ing 20.0 x 14.0 x 12.5 mm. This mass extended 
both anterior and posterior to the equator, came 
within 3.0 mm of the disk, and partially over- 
hung the fovea. Chest x-ray disclosed a large 
mass in the left lower lobe that was confirmed 
by lung biopsy to be a primary adenocarcino- 
ma. The ocular ultrasound pattern was consis- 
tent with a melanoma. The magnetic resonance 
pattern was typical for a pigmented uveal mela- 
noma. 

A fine-needle aspiration biopsy of the uveal 
tumor showed melanoma. Shortly after enucle- 
ation, the patient underwent a successful left 
lower lobectomy. No evidence of ocular or 
other metastatic disease was found 18 months 
later. 


Discussion 





Several studies have reported magnetic reso- 
nance imaging features of intraocular tu- 
mors.” Pigmented uveal melanomas have rela- 
tively short T, and T, relaxation times, high 
signal intensity compared to vitreous on short 
TR/TE images, and reduced signal on long 


TR/TE images.’ This pattern is attributed to 
the paramagnetic properties of melanin.” Mag- 
netic resonance imaging differentiates pig- 
mented uveal melanomas from other simulat- 
ing lesions; however, there is a scarcity of data 
in atypical cases.” 

In this study, magnetic resonance imaging 
detected all uveal melanomas, including three 
cases that had atypical features. One patient 
was referred with a postcataract hemorrhagic 
choroidal detachment. Choroidal detachments 
most commonly develop when intraoperative 
hypotony is combined with postoperative in- 
flammation. Shallowing of the anterior cham- 
ber caused by forward shift of the iris-lens 
diaphragm is a diagnostic clue but is often 
absent in patients with posterior chamber im- 
plants.!* In this case the diagnosis of a uveal 
melanoma was confirmed with both ultrasound 
and magnetic resonance imaging. 

The patient described in Case 7 had a long 
history of smoking, vocal cord polyps, and a 
large left pulmonary primary adenocarcinoma. 
The appearance of the uveal tumor on clinical, 
ultrasound, fluorescein angiographic, and mag- 
netic resonance imaging criteria was consistent 
with a uveal melanoma; that diagnosis was 
confirmed by fine-needle aspiration biopsy. We 
have examined many patients with a history of 
systemic malignancy who have had a misdiag- 
nosis of a metastatic uveal mass, and we have 
also seen patients with metastatic tumors in the 
eye that were misdiagnosed as uveal melano- 
mas. Kindy-Degnan, Char, and Kroll” reported 
that 53 of 627 (8%) patients with choroidal or 
ciliary body melanomas had a second, systemic 
noncutaneous malignant disorder. In a case 
report by Simons, Straatsma, and Foos,‘ a meta- 
static adenocarcinoma was misdiagnosed as a 
choroidal melanoma despite ultrasound, fluo- 
rescein angiographic, and magnetic resonance 
imaging data. 

A major diagnostic limitation of magnetic 
resonance imaging for uveal tumor diagnosis is 
in the evaluation of amelanotic mass lesions. It 
can be difficult to differentiate an amelanotic 
uveal melanoma, choroidal metastasis, or a 
choroidal hemangioma on both clinical and 
magnetic resonance imaging criteria. Peyster 
and associates’ observed high signal on short 
TR/TE images and an isointense pattern on 
long TR/TE images in three choroidal heman- 
giomas. In contrast, Mafee and associates* not- 
ed the opposite in one case. The fluorescein 
angiographic pattern for hemangioma may be 
diagnostic; however, we have treated patients 
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with these fluorescein findings who were histo- 
logically shown to have uveal melanomas.?”! 
The accuracy of magnetic resonance imaging 
for amelanotic uveal tumor diagnosis does not 
appear to be better than less expensive imaging 
techniques, such as ultrasonography. In Case 6, 
the magnetic resonance signal characteristics 
were not pathognomonic for melanoma. The T, 
and T, shortening were not as marked as usual- 
ly seen. The lesion was compatible with a 
melanoma but could not be distinguished from 
a metastatic choroidal tumor on magnetic reso- 
nance imaging. Amelanotic melanomas are of- 
ten not distinguishable from other uveal neo- 
plasms on magnetic resonance imaging.” 
Peyster and associates’ noted a characteristic 
signal pattern in 51 of 55 uveal melanomas. The 
remaining four lesions were amelanotic; on 
short TR/TE images these exhibited high signal 
in three patients and isointense signal in one. 
Peyster and associates’ described four choroidal 
metastases as isointense to vitreous on short 
TR/TE images and hypointense on long TR/TE 
studies. In a single case of metastatic breast 
carcinoma, Mafee and associates® noted high 
signal intensity on both short and long TR/TE 
images. 

Case 3 demonstrates a potential use of mag- 
netic resonance imaging in the evaluation of 
atypical pigmented uveal tumors. The patient 
was referred because of a uveal melanoma. The 
magnetic resonance pattern on both short and 
long TR/TE images demonstrated marked 
shortening of T, and T, relaxation times. It is 
most unusual for a melanoma to produce this 
degree of T, shortening or signal reduction. The 
signal alterations were more compatible with a 
subacute hemorrhagic process." We have exam- 
ined two additional patients with an identical 
magnetic resonance imaging pattern who had 
extramacular disciform lesions. The eye of one 
of these two patients was enucleated at another 
institution because of the incorrect diagnosis of 
a uveal melanoma. 

The relative diagnostic accuracies of magnet- 
ic resonance imaging and ultrasound are uncer- 
tain. A number of cases with incorrect diagno- 
ses that had been evaluated with ultrasound 
and other techniques have previously been re- 
ported.” Some magnetic resonance false di- 
agnoses have also occurred. Simons, Straatsma, 
and Foos‘ reported a single case of a uveal mass 
that had a high signal on a short TR/TE image 
that proved to be a metastatic adenocarcinoma. 
Long TR/TE images, however, were not ob- 
tained. Mafee and associates” reported a meta- 


static breast carcinoma that had high signal 
intensity and short TR/TE image, but unlike a 
pigmented melanoma it remained high in sig- 
nal intensity on T,-weighted images. As dem- 
onstrated by Case 6, amelanotic tumors are 
difficult to differentiate with magnetic reso- 
nance scans and are probably better differenti- 
ated with ultrasonography. 

A second potential use of magnetic resonance 
imaging is to demarcate the intraocular and 
extraocular limits of a tumor. In Case 4, there 
was a flat, heavily pigmented area that involved 
almost the entire inferior half of the fundus. 
The elevated, less pigmented mass temporally 
was consistent with a choroidal melanoma, but 
it was uncertain whether the flat pigmentation 
was part of a diffuse melanoma, subretinal 
hemorrhage, retinal pigment epithelial hyper- 
plasia, or caused by pigmented macrophage 
deposition.” A review of the medical records 
indicated that this abnormal pigment was not 
documented on previous ophthalmic examina- 
tions. The magnetic resonance imaging pattern 
was consistent with a discrete tumor, and this 
was concordant with the histologic findings. 
Possibly the flat area of pigment was not detect- 
ed on magnetic resonance imaging because it 
was thin. The lack of short TR/TE images in the 
coronal plane also resulted in a failure to avoid 
the partial-volume artifact inherent in 3.0-mm 
axial images. 

In Case 2, there was an enlarging retrobulbar 
mass noted on ultrasonography in an area pre- 
viously treated with I irradiation. The inter- 
pretation of the ultrasound in this case was 
partially predicated on the clinical data. A num- 
ber of ocular oncologists believed that this 
process was most likely not caused by extraocu- 
lar extension of the tumor. During placement of 
the "I plaque, there was no evidence of extra- 
ocular extension of the melanoma. The radia- 
tion dose appeared to be sufficient to control 
the intraocular tumor, and this newly involved 
area was within the radiation field. Brachyther- 
apy provides exponentially more radiation to 
the scleral surface as compared to the tumor 
apex, so it was believed to be likely that the 
retrobulbar change was caused by radiation or 
surgical damage. The magnetic resonance scan 
provided us with the correct diagnosis of extra- 
ocular extension of melanoma, which was con- 
firmed by fine-needle aspiration biopsy before 
performing an eyelid-sparing exenteration. 

De Keizer, Vielvoye, and de Wolff-Rou- 
endaal'"' postulated that the quality of magnetic 
resonance scans should be sufficient to distin- 
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guish among tumor, scleral, and orbital tissues. 
Our magnetic resonance data show delineation 
of local tumor extension can be limited. One 
case with obvious extraocular extension was 
detected on magnetic resonance imaging and 
not definitively diagnosed with ultrasound. In 
another case with a smaller extension, ultra- 
sound detected the spread, whereas magnetic 
resonance imaging did not. Magnetic resonance 
imaging was accurate in the delineation of the 
intraocular boundaries of the tumor in a heavily 
pigmented quadrant where the clinical ques- 
tion was whether the patient had a discrete 
lesion or diffuse melanoma. 

Thin-section magnetic resonance imaging is 
reliable in the detection of intraocular tumors 
and definition of their boundaries. Its diagnos- 
tic accuracy in comparison to ultrasonography 
is uncertain. In pigmented uveal tumors mag- 
netic resonance imaging appears to be highly 
sensitive and specific. In amelanotic tumors or 
inflammatory processes magnetic resonance 
will identify the mass but cannot always accu- 
rately characterize it. 

Further experience will be necessary to deter- 
mine the proper role of magnetic resonance 
imaging in the evaluation of uveal tumors. We 
do not routinely obtain magnetic resonance 
imaging scans in patients with uveal melano- 
mas. It is a relatively expensive study. We use 
magnetic resonance imaging scans in patients 
with atypical uveal tumors, patients with 
known metastatic tumors to the choroid, and 
those in whom there is the possibility of extra- 
ocular tumor extension. The rationale for this 
approach is threefold. First, in atypical cases an 
additional noninvasive assay may be diagnostic 
before resorting to fine-needle aspiration biop- 
sy. Second, in patients with uveal metastases 
the status of the contiguous central nervous 
system is crucial for treatment planning, and 
magnetic resonance imaging is the assay of 
choice in that setting. Third, this study has 
demonstrated that magnetic resonance imaging 
may add valuable information in some cases of 
extraocular tumor extension, 
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OPHTHALMIC MINIATURE 

This sixteen-year-old girl, who was attending school in Bordeaux, was 
quite suddenly afflicted by one of the most dreaded diseases of the eye. Dr. 
Bermond, the famous ophthalmologist of the University of Bordeaux, 
diagnosed retinal detachment of both eyes leading to inevitable total 
blindness. The prognosis was soon confirmed. In a few weeks the blood- 
suffused veil had wholly darkened the comely girl’s eyes and the shadow 
grew deeper after each awakening. As is common in these desperate cases 
the family struggled and struggled and would not submit to the cruelty of 
fate. The blind girl was tormented by a hundred attempts at cure. Since 
none helped, it was decided at last to repair to Paris and consult scientific 


luminaries there. 


Ludwig Lewisohn, The Song of Bernadette 
New York, The Viking Press, 1942, p. 347 
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PERSPECTIVES 


Assessment of Ophthalmic Training Programs 
Geoffrey Broocker, M.D., and Thomas M. Aaberg, M.D. 


During these times of divided opinion con- 
cerning the optimal length of ophthalmology 
training programs and prompted by an in- 
creased knowledge base that must be coordinat- 
ed with increasingly sophisticated technology, 
training directors struggle to maintain a proper 
balance between the training curriculum and 
the fiscal resources necessary to maintain these 
programs. Financial obligations to faculty and 
institutions, decreasing grant support for re- 
search involvement, sociopolitical interactions 
within university faculties and between the 
academic faculties and private practitioners, 
and increasing patient care requirements tend 
to divert departmental energies away from 
medical education. This phenomenon affects 
even the strongest programs, placing their edu- 
cational capabilities at risk. In many instances, 
faculty members, through perceived or actual 
necessity, spend increasing time on patient care 
with decreasing emphasis on teaching activi- 
ties as their tenure within a program lengthens. 
Other faculty, struggling to maintain a balance 
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between clinical and basic research activity, 
also show decreased availability for resident 
training. Those faculty members with research 
programs find annual reductions in support 
levels routine, rather than the exception. The 
universities often return none or a bare mini- 
mum of the indirect costs to the investigators, 
so that support of their research is in peril. 

Subspecialty fellowship trainees are yet an- 
other factor affecting residency training in 
many programs. When programs are structured 
properly, fellows enhance resident training by 
creating a hybridization of differing education- 
al programs. If programs are structured im- 
properly, an adversarial relationship may de- 
velop between resident and fellowship 
trainees. 

All of these pressures upon departmental 
faculty and leadership enhance the need for an 
accrediting body that can objectively evaluate 
training programs while maintaining the re- 
spect of the ophthalmologic profession, the 
academic community, and the public they 
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serve, whose concern is the ultimate profes- 
sional certification that is granted. Enter the 
Accreditation Council for Graduate Medical 
Education. 

The activities of the Accreditation Council for 
Graduate Medical Education as the monitor of 
ophthalmic education has been described by 
Trobe and associates' and the 1987 Residency 
Review Committee for Ophthalmology.” These 
articles presented the purpose, guidelines, and 
effectiveness of the Residency Review Commit- 
tee and its parent agency, the Accreditation 
Council for Graduate Medical Education. The 
Ophthalmic Residency Review Committee 
members, several of whom are program direc- 
tors, have demonstrated awareness of the de- 
mands upon training programs while they criti- 
cally evaluate the degree to which each 
program meets its responsibilities. Although 
they strive to ensure that the standards are 
appropriate and current, the programmatic 
changes they mandate may take up to three 
years to implement. Within that time span, a 
changing consensus may find such new require- 
ments to be unnecessary, inadequate, or inap- 
propriate. The process used by the Residency 
Review Committee to evaluate a program’s 
compliance with the requirements includes an 
intensive review of the program description 
completed by the director. This information, in 
conjunction with the report of a site visitor 
(surveyor), is used to make a determination 
about the program. 

The Residency Review Committee’s conclu- 
sion is expressed in a letter of notification that 
sets forth the program’s accreditation status as 
well as any citations concerning academic areas 
that should be addressed. If the Residency Re- 
view Committee has taken an adverse action, 
such as probationary accreditation, the pro- 
gram director is advised of appeal procedures. 
Program directors, upon receiving the letters of 
notification, may experience consternation be- 
cause the language used for a citation on a 
specific issue may be similar to that received by 
a different institution, even though one pro- 
gram is given a warning while another is placed 
on probation. Legal concerns account for the 
similarity of language despite obvious disparity 
of program deficiencies or infractions. Never- 
theless, the letters of notification do contain an 
explanation of the program’s inadequacies as 
viewed by the Residency Review Committee. 

Maintaining substantial compliance with the 
approved standards and advancement to higher 
levels of training excellence are the desired 


goals. At times the Residency Review Commit- 
tee will indicate that a borderline concern could 
develop into a serious problem. The citation 
may be directed at the parent institution (for 
example, to obtain more space) or atthe pro- 
gram itself. The Residency Review Committee 
centers its concerns primarily around faculty, 
curriculum, training resources (that is, pa- 
tients, facilities, and the like), and research. 
Although these concerns are not necessarily 
placed in order of importance, the committee's 
interests are focused consistently on the gener- 
al and special requirements listed in the Direc- 
tory of Residency Training Programs.’ 

Since the 1987 update,* 94 programs have 
been given full or continued approval. Twenty 
programs have been placed on probation or 
continued on probation. There has been rela- 
tive stability in the total number of programs, 
since new applications equal the number with- 
drawn, two. Over a 13-year period of consider- 
ing the appeals of 15 programs placed on pro- 
bation (usually for two years but may extend to 
four), 11 cases were sustained and four were 
reversed (J. T. Boberg, Ph.D., Accreditation 
Council for Graduate Medical Education, July 
1990). 

The Accreditation Council for Graduate Med- 
ical Education makes every effort not to become 
involved in issues of manpower. The Federal 
Trade Commission has made inquiries into cer- 
tain actions in which such activity was suspect- 
ed. Although the Residency Review Committee 
may reduce the number of trainees within cer- 
tain programs, the overall number of residents 
maintained a relatively constant balance. It 
must be recognized that accreditation actions 
may bring academic program requirements into 
conflict with community needs. The philosoph- 
ical question remains unanswered as to wheth- 
er disadvantaged populations would be better 
served by residents representative of the popu- 
lation to be served who are trained in a program 
with excellent resources or by such residents 
who are trained in a program with limited 
resources that is more representative of the 
disadvantaged population. This concern has 
recently been reflected by the American Medi- 
cal Association Council on Medical Education's 
proclamation that there is “the need to define 
an appropriate balance between education and 
service.” 

Standardization of graduate medical educa- 
tion is an eventual necessity, and the Residency 
Review Committee and the Accreditation 
Council for Graduate Medical Education cur- 
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rently provide a foundation to guide programs 
and thereby serve the public good. It should be 
reassuring to know that vigilant assessment 
and supervision of our training programs are 
being maintained despite legal and political 
constraints. Having recently provided the Resi- 
dency Review Committee our own program 
information and undergone critical survey, we 
have witnessed the process of viewing our pro- 
gram from another’s perspective and conclude 
that the system indeed works. The dichotomous 
alternatives are programmatic anarchy or gov- 
ernment mandate, and both are unacceptable. 





From the Department of Ophthalmology, Emory Uni- 
versity School of Medicine, Atlanta, Georgia. This study 
was supported in part by an unrestricted grant to the 
Department of Ophthalmology from Research to Pre- 
vent Blindness, Inc. 
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Medicine, 1327 Clifton Rd. N.E., Atlanta, GA 30322. 
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Experimental Nucleus Extraction 
Through a Capsulorhexis in an Eye 
With Pseudoexfoliation Syndrome 


Ehud I. Assia, M.D., 

Judy P. Hoggatt, M.D., 

and David J. Apple, M.D. 

Departments of Ophthalmology (E.LA., J.P.H., 
D.J.A.) and Pathology (D.J.A.), Center for Intraocular 


Lens Research, Storm Eye Institute, Medical Univer- 
sity of South Carolina. 


Inquiries to David J. Apple, M.D., Department of Oph- 
thalmology, Medical University of South Carolina, 171 
Ashley Ave., Charleston, SC 29425. 

Maintenance of capsular integrity is neces- 
sary to assure long-term fixation and centration 
of an intraocular lens in the lens capsule. Radial 
tears of the capsule should be avoided to pre- 
serve capsular integrity. Capsulectomy tech- 
niques with sharp edges of the capsular margin 
have a high incidence of radial tears, with 216 
of 250 eyes (86%) reported in one series.’ Cap- 
sular fixation was observed in only 76 of the 250 
specimens (30%) examined in this study. In 
recent years, the continuous circular capsulor- 
hexis has been promoted as a technique to 
reduce anterior capsular tears. This technique 
is mainly used in conjunction with phacoemul- 
sification. Continuous circular capsulorhexis is 
seldom used with planned extracapsular cata- 
ract extraction because of occasional complica- 
tions such as zonular rupture, vitreous loss, or 
unintended intracapsular cataract extraction 
and lens dislocation to the vitreous. In a study 
in our laboratory comparing different capsulec- 
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tomy techniques, however, continuous circular 
capsulorhexis with manual nucleus extraction 
resulted in maintenance of the integrity of the 
capsulectomy margin in all ten cases.* In con- 
trast, other capsulectomy techniques, in con- 
junction with the standardized nucleus expres- 
sion technique, resulted in radial tears in all 
cases. Thus, the experimental setting supported 
the clinical impression that continuous circular 
capsulorhexis maintains capsular integrity. 

Pseudoexfoliation syndrome is characterized 
by the presence of fibrillogranular material 
throughout the anterior segment. Pseudoexfoli- 
ative material is often seen covering the zonules 
and ciliary processes.** Patients with pseudoex- 
foliation syndrome may have spontaneous and 
intraoperative lens dislocation during extracap- 
sular cataract extraction. Zonular incompetence 
(more friable zonules) or weakened zonular at- 
tachments may contribute to this complica- 
tion.” 

One serious complication is the disruption of 
zonular fibers or tearing of the posterior cap- 
sule, which may result in dislocation of the lens 
nucleus into the vitreous or sunset syndrome of 
the intraocular lens. Therefore, the surgeon 
must be careful to avoid excessive zonular 
stress. 

To investigate the application of continuous 
circular capsulorhexis with planned extracap- 
sular cataract extraction in such eyes, we per- 
formed an experimental nucleus expression 
through a continuous circular capsulorhexis in 
an eye with pseudoexfoliation obtained post 
mortem. 

An eye obtained post mortem had the pseu- 
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doexfoliation syndrome, evidenced by pseudo- 
exfoliative material on the lens capsule and 
abundant flakes on the zonules and ciliary 
processes. The cornea and iris were removed to 
allow clear visualization of the anterior surface 
of the lens to the equator. With a Castroviejo 
caliper and methylene blue, the central 6.0-mm 
zone was marked. A bent 26-gauge needle was 
used to make the initial cut, and the continuous 
circular capsulorhexis was completed with 
Utrata capsule forceps. Nucleus expression was 
done by injection of balanced salt solution into 
the vitreous cavity.” This was accomplished by 
introducing an intravenous catheter into the 
globe at the 9 o’clock meridian. Balanced salt 
solution was injected slowly until the nucleus 
was expressed through the capsular opening 
(Fig. 1). The cortical material was aspirated 
with an automated irrigation-aspiration device. 
The globe was then sectioned in the coronal 
plane and inspected from its anterior and pos- 
terior aspects (Fig. 2). 

Inspection of the eye disclosed findings char- 
acteristic of pseudoexfoliation, including the 
presence of exfoliative material on the lens 
capsule and abundant flakes on the zonules and 
ciliary processes. Upon introduction of bal- 
anced salt solution into the vitreous, the lens 
began to protrude forward through the central 
opening. As it began to come up through the 
capsulotomy, the cortical fibers gave way and 





Fig. 1 (Assia, Hoggatt, and Apple). Experimental 
nucleus extraction in an eye with pseudoexfoliation 
syndrome. The cornea and the iris were removed, and 
a 6.0-mm anterior continuous circular capsulorhexis 
was performed. Balanced salt solution was injected 
into the vitreous cavity, pushing the entire lens 
forward. Successful extraction was achieved without 
tearing the margin of the capsulorhexis. 





Fig. 2 (Assia, Hoggatt, and Apple). Frontal view of 
the eye after removal of the nucleus and aspiration of 
the cortical material. The integrity of the capsulor- 
hexis was maintained, and no evidence of zonular 
rupture was observed. Note the abundant white and 
flaky pseudoexfoliative material on the anterior cap- 
sule and on the zonular fibers. 


opened up in a fashion resembling a flower. As 
the nucleus was delivered, the capsulectomy 
was stretched and enlarged. The central core 
then passed through the cortical material as the 
superficial layers of the cortex peeled away (Fig. 
1). A total of 0.6 ml of balanced salt solution 
was required to complete the nucleus expres- 
sion. The diameter of this nucleus core was 7.5 
mm, and the thickness was 4.0 mm. In this case, 
as in other cases in which continuous circular 
capsulorhexis was performed in our laboratory, 
the nucleus was delivered successfully without 
the production of radial tears. There was also 
no evidence of zonular rupture and no vitreous 
loss (Fig. 2). 

In the clinical setting, manual nucleus ex- 
pression is usually accomplished by applying 
external pressure on the globe. We accom- 
plished nucleus expression by the injection of 
balanced salt solution into the vitreous cavity. 
This was done to maintain an even distribution 
of intravitreal pressure as the lens was pushed 
anteriorly and to eliminate possible bias by the 
examiner. This expression technique was more 
stressful to zonules and the anterior capsule as 
compared to clinical techniques. Nevertheless, 
even in this eye with pseudoexfoliation, no 
rupture of the capsulectomy or any rupture of 
zonules was observed. The calculated largest 
profile diameter of the nucleus, as viewed in 
sagittal section, was 19.0 mm. The circumfer- 
ence of a 6.0-mm circular capsulectomy is also 
19.0 mm (r x 6.0); thus, the nucleus could be 
expressed without significant stretching of the 
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capsule. We have shown in another eye with 
pseudoexfoliation that the continuous circular 
capsulorhexis was stretched to 1.66 times its 
original circumference before it ruptured. The 
zonules, however, were much more friable 
compared to the normal control eyes.’ 

Clinically, nucleus extraction can be facilitat- 
ed by hydrodissection and hydroexpression, 
thus reducing the stress on the zonules. Recent- 
ly, we showed that this procedure can also be 
done with viscoelastic materials (viscoextrac- 
tion). In this modification of hydroextraction, 
the nucleus is lubricated, and we found the 
nucleus expression to be more controlled with 
less stress on the zonules (unpublished data). 

Special attention must be given to recogniz- 
ing zonular dialysis or rupture in eyes with 
pseudoexfoliation syndrome. Excessive lens 
movement and phacodonesis may alert the sur- 
geon to the possibility of compensated zonular 
apparatus.” Such awareness allows the surgeon 
to take necessary precautions to prevent subse- 
quent operative complications. 

Capsulectomy using the continuous circular 
capsulorhexis may be applicable to diseased 
eyes, such as those with pseudoexfoliation syn- 
drome. Careful surgery with minimal stress to 
zonules is warranted. To this end, the advan- 
tages of capsulorhexis, that is, resistance to 
radial tears and stable fixation of the intraocu- 
lar lens, can also be achieved in these difficult 
cases. 
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A New Technique for the 
Administration of Intraoperative 
Periocular Corticosteroids 


Brian C. Joondeph, M.D. 
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Wayne State University School of Medicine. 


Inquiries to Brian C. Joondeph, M.D., 22151 Morass Rd., 
Ste. G-30, Detroit, MI 48236. 

Periocular corticosteroids are injected rou- 
tinely after intraocular surgery, usually as an 
anterior subconjunctival injection. These ante- 
rior injections have a beneficial effect on ante- 
rior segment inflammation but little or no effect 
on posterior segment inflammation, including 
cystoid macular edema. Any periocular injec- 
tion, including both retrobulbar and peribul- 
bar, carries a small but definite risk of complica- 
tions, including penetration of the globe. 

I developed a new technique for the intraop- 
erative administration of periocular corticoste- 
roids, which permits accurate placement of the 
medication behind the globe with virtually 
none of the complications associated with the 
currently used techniques. The technique has 
been used only in vitreoretinal surgical proce- 
dures but could easily be adapted for use with 
anterior segment procedures. The injection 
technique has been described for ocular anes- 
thesia.!” 

Any of the four quadrants can be used, al- 
though the temporal quadrants allow easier 
access to the macular region. At the completion 
of the surgical procedure, either a Westcott or 
curved Stevens scissors is used to dissect Ten- 
on’s capsule bluntly from the surface of the 
globe, as performed routinely in scleral buck- 
ling or strabismus surgery, unless already per- 
formed as part of the surgery (such as in vitreo- 
retinal surgery). A blunt 19-gauge irrigating 
cannula is attached to a syringe containing the 
corticosteroid preparation of choice. The can- 
nula is then introduced into the quadrant along 
the globe and inserted until the hub of the 
cannula is at the level of the corneoscleral 
limbus. The tip of the cannula is oriented such 
that the injection is behind the macula. The 
corticosteroid preparation is injected slowly, 
and then the conjunctiva is closed in the usual 
manner. 


The posterior subtenon’s corticosteroid is ef- = 


fective in treating cystoid macular edema asso- 


ciated with uveitis.” My technique makes it a 
virtually impossible to damage the globe, optice = 


nerve, or other periocular tissues and allows 








648 AMERICAN JOURNAL OF OPHTHALMOLOGY 


May, 1991 


ENLACE OLENA CEL A NE tetra LEER aa aei AAEREN EA E mn RRNA AREA 


accurate placement of a bolus of medication 
directly behind the macula where it has its most 
beneficial effects. The technique is particularly 
useful in cases in which cystoid macular edema 
is present preoperatively or is likely to occur 
postoperatively, including the following: intra- 
ocular lens removal or exchange for chronic 
cystoid macular edema; cataract extraction or 
pars plana lensectomy and vitrectomy in eyes 
with uveitis; vitrectomy for endophthalmitis; 
and cataract extraction or penetrating kerato- 
plasty complicated by vitreous disruption. 
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Tear Cytology in Conjunctival 
Melanoma 
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Inquiries to Jayne S. Weiss, M.D., Division of Ophthal- 
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of Massachusetts Medical Center, 55 Lake Ave. N., 
Worcester, MA 01655. 

A 67-year-old man had a biopsy-proven con- 
junctival melanoma involving the bulbar, forni- 
ceal, and caruncular regions of the left eye. 
Areas of brown, crusted secretions were noted 
on the lower eyelid. We wondered if melanocyt- 
ic tumor cells were exfoliating into the tears, 
leaving a pigmented residue on the skin. 

To determine if melanoma cells were present 
in the tears, we used a fine glass capillary tube 
to collect the tears from either eye. The fluid 
was passed through a millipore filter to isolate 
cellular material. After staining with modified 
Papanicolaou stain, the slides were examined 
under light microscopy. The specimen from the 
normal eye was unremarkable. The tear cytolo- 





Fig. 1 (Weiss, Perusse, and Reale). Tear specimen 
from eye with conjunctival melanoma demonstrating 
malignant pleomorphic cells with macronucleoli and 
granular cytoplasm (Papanicolaou stain, x 400). 


gy from the left eye, however, demonstrated 
several clusters of malignant cells with pleo- 
morphic nuclei of varying size containing large 
round nucleoli (Fig. 1). Because of the similari- 
ties between these clusters of cells and the 
initial biopsy specimen (Fig. 2), these suspi- 
cious cells were interpreted as consistent with 
conjunctival melanoma. 

Atypical melanocytes in the tear film may 
pose a risk of melanoma dissemination to the 
tear drainage apparatus by direct spread 
through the tears. The seeding of neoplastic 
cells through the cerebrospinal fluid circulation 
has been described.’ Meningeal melanoma can 
spread via the subarachnoid space through the 
cerebrospinal fluid circulation,’ 

Jakobiec, Folberg, and Iwamoto’ reported the 
possibility of intraepithelial spread to the lacri- 
mal sac of atypical melanocytes surrounding 
the lacrimal puncta. Concomitant conjunctival 





Fig. 2 (Weiss, Perusse, and Reale). High-power 
view of conjunctival melanoma demonstrating both 
bland and pleomorphic spindle cells mixed with 
epithelioid tumor cells containing intracytoplasmic 
granules (hematoxylin and eosin, x 400). 
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and lacrimal apparatus melanoma exist. Conse- 
quently, to prevent seeding of the melanoma 
into the lacrimal apparatus, punctal occlusion 
may be indicated in patients with conjunctival 
melanoma if tumor exfoliation in the tear film is 
documented. 
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Epiphora Caused by Blepharoptosis 


Herbert J. Glatt, M.D. 


Section of Ophthalmology, Department of Surgery, 
University of Tennessee Medical Center at Knoxville, 
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37920. 


A 66-year-old man had undergone cataract 
surgery on the right eye three years before I 
examined him. The procedure was complicated 
by prolapse of the nucleus into the vitreous 
cavity. Because of increased intraocular pres- 





Fig. 1 (Glatt). Left, The blepharoptotic right upper eyelid impinges upon the visual axis. Right, The medial 


sure, a retinal surgeon removed the nucleus six 
weeks later. A retinal detachment was noted 
three weeks later, and the patient underwent a 
scleral buckling procedure. The patient subse- 
quently attained visual acuity of 20/20. 

Soon after his ocular operations, the patient 
noted the simultaneous onset of blepharoptosis 
and epiphora in the right upper eyelid. Clear, 
watery tears welled up in his eye and occasion- 
ally ran onto his skin near his medial canthus. 
His vision was blurred by both his blepharopto- 
tic upper eyelid and his watery eye, particularly 
when reading or playing golf. Lifting his eyelid 
and wiping his eye cleared his vision. 

Examination disclosed blepharoptosis of the 
right upper eyelid. The vertical palpebral fis- 
sure was 4 mm on the right and 6.5 mm on the 
left. The blepharoptotic right upper eyelid im- 
pinged upon the visual axis. Manual elevation 
of the eyelid subjectively improved his vision. 
In downgaze, the right eye was completely 
covered. Levator muscle function on the right 
was 13 mm. Slit-lamp examination showed ap- 
position of the upper eyelid to the lower eyelid 
from the medial canthus to slightly lateral to 
the puncta (Fig. 1). A fine white discharge was 
noted where the eyelids touched. The cornea 
was clear and without epithelial abnormalities. 
The anterior chamber was quiet, with a well- 
positioned anterior chamber intraocular lens 
implant. When the upper eyelid was separated 
from the lower eyelid, there was no apparent 
punctal stenosis or malposition. Mild laxity of 
the lower eyelid was noted. After instillation of 
topical anesthesia, the result of the Schirmer’s 
test was 3 mm at one minute. Probing of the 
lower canaliculus disclosed no obstruction, and 
fluid irrigated freely from the lower canaliculus 
into the nose. 





upper eyelid touches the medial lower eyelid from the medial canthus to slightly lateral to the puncta. The 


puncta are not in contact with the tear film. 
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Fig. 2 (Glatt). Left, After blepharoptosis surgery, the right upper eyelid no longer impinges upon the visual 





axis. Right, The medial upper eyelid is now separated from the medial lower eyelid. The puncta are in contact 


with the tear film. 


After instillation of phenylephrine into the 
right superior conjunctival fornix,’ the right 
upper eyelid elevated and cleared the visual 
axis adequately. The medial upper eyelid be- 
came separated from the medial lower eyelid, 
which allowed contact between the puncta and 
the tear film. Instillation of phenylephrine on 
the right also caused the left upper eyelid to 
drop slightly, which resulted in symmetric up- 
per eyelid heights. The patient preferred to 
have his more blepharoptotic eyelid raised to 
match the height of his less blepharoptotic 
eyelid rather than having bilateral blepharopto- 
sis surgery. On the basis of the phenylephrine 
test, a Müller's muscle—conjunctival resection 
blepharoptosis procedure was performed on 
the right upper eyelid.’ 

At two weeks postoperatively, the patient 
noted complete elimination of his epiphora. Six 
weeks postoperatively, his vision had improved 
significantly, particularly when reading or 
playing golf. Examination disclosed a vertical 
palpebral fissure of 6 mm on each side. The 
right upper eyelid no longer impinged upon the 
visual axis. In downgaze, the right vertical 
palpebral fissure was 1.5 mm. Slit-lamp exami- 
nation disclosed separation of the medial upper 
eyelid from the lower eyelid, with the puncta in 
contact with the tear film (Fig. 2). 

Medial canthal crowding (apposition of the 
upper eyelid to the lower eyelid) caused by 
upper eyelid blepharoptosis is an uncommon 
cause of epiphora. Most patients with blepha- 
roptosis do not have this problem. Evaluation 
of epiphora should include a careful examina- 
tion of the medial eyelids. If epiphora, blepha- 
roptosis, and medial canthal crowding coexist, 
blepharoptosis surgery may relieve both the 
blepharoptosis and the epiphora. 
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Reversible Lower Eyelid Ectropion 
Associated With Dipivefrin 


George B. Bartley, M.D. 
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Mayo Foundation. This study was supported in part 
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Ophthalmology, Mayo Clinic, Rochester, MN 55905, 
Topical dipivalyl epinephrine (dipivefrin) is 
commonly used in the treatment of open-angle 
glaucoma. Local side effects occur in approxi- 





Fig. 1 (Bartley). Left lower eyelid ectropion and 
eyelid inflammation associated with dipivefrin. 
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mately 20% of patients and include follicular 
conjunctivitis, ocular discomfort, eyelid inflam- 
mation, cystoid macular edema, and punctate 
keratopathy. I examined a patient who had 
lower eyelid ectropion that resolved after dipi- 
vefrin eyedrops were discontinued. 

A 75-year-old man had ectropion of the left 
lower eyelid. The eyelid malposition had been 
noted for approximately one year, and an oper- 
ation for ectropion (a pentagonal wedge resec- 
tion) had been performed at another institution 
six months before my initial examination. Since 
birth, the patient’s right eye had been blind 
from chorioretinitis and was exotropic. Glauco- 
ma had been diagnosed in the left eye many 
years previously and had been treated with 
dipivefrin, one eyedrop daily, for approximate- 
ly two years. Visual acuity with correction in 
the left eye was 20/50, consistent with lens 
opacities. Results of perimetry were normal; 
gonioscopy allowed visualization of the ciliary 
body band for 360 degrees; intraocular pres- 
sure by applanation tonometry was 21 mm Hg; 
and the cup/disk ratio for the left eye was 0.7 
with a healthy-appearing rim of tissue. The 
conjunctiva of the left eye was injected mildly; 
the left upper eyelid was blepharoptotic and 
slightly inflamed; and the left lower eyelid was 
thickened, erythematous, and ectropic with 
contracture of the anterior lamella (Fig. 1). 

The dipivefrin eyedrop was discontinued. 
Within three weeks, the eyelid inflammation 
had nearly resolved, and the ectropion had 
improved markedly (Fig. 2). Diurnal tonometry 
was performed; the highest intraocular pres- 
sure in the left eye was 20 mm Hg. Results of 
tonography were normal. No antiglaucoma 
treatment other than observation was thought 
necessary, and during a follow-up period of 
two years there has been no progression of the 
size of the optic cup. The left lower eyelid has 
remained in normal position. 

Dipivefrin hydrochloride contains dipivefrin, 
mannitol, sodium metabisulfite, disodium 
edetate, and benzalkonium chloride.’ Although 





Fig. 2 (Bartley). Within three weeks of discontinua- 
tion of dipivefrin, the ectropion and eyelid inflamma- 
tion improved markedly. 


benzalkonium may cause contact dermatitis, a 
recent study documented that dipivefrin is re- 
sponsible for the blepharoconjunctivitis that is 
frequently associated with this drug.’ The con- 
tact hypersensitivity is rarely sufficiently severe 
to cause eyelid ectropion, as in my patient. A 
trial of discontinuation of dipivefrin should be 
considered before surgical intervention for the 
eyelid malposition is performed. 
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Contrast Sensitivity as an Early 
indicator of Acute Mountain 
Sickness 
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Department of Ophthalmology, Hôpital Saint-An- 
toine. This study was presented in part as a poster at 
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Inquiries to Jean-Philippe Nordmann, M.D., Depart- 
ment of Ophthalmology, Hôpital Saint-Antoine, 184, 
Faubourg Saint-Antoine, F-75012 Paris, France. 
Acute mountain sickness is a debilitating ill- 
ness of travelers who rapidly ascend to alti- 
tudes above 3,000 m. The disease is character- 
ized by headache, lassitude, anorexia, nausea, 
and vomiting. Visual function is likely to be 
impaired by this disease, but simple tests, such 
as visual acuity, are usually not included in the 
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Fig. 1 (Nordmann and associates). Mean contrast 
sensitivity for the 12 subjects as measured at sea 
level (open squares) and the day after arrival at 5,400 
m (filled squares). Error bars show + standard errors. 


evaluation of this illness because they are not 
sensitive enough to detect early signs of hypox- 
ia and alkalosis caused by the low level of 
oxygen pressure in high altitudes.’ To find an 
early indicator of these disturbances, we tested 
contrast sensitivity at high altitude. 

Twelve healthy subjects, ranging in age from 
29 to 41 years, were tested in the Himalayas at a 
base camp of 5,400 m. The climbers reached 
this camp after a four-day trek originating at 
2,000 m. Tests were performed twice a day 
during the first three days after arrival at base 
camp. Additionally, contrast sensitivity was 
also tested when the subjects returned to the 
base camp, after treking on peaks of up to 8,000 
m. Experiments were conducted in a tent. 
Screen luminance of 80 cd/m’ as well as back- 
ground luminance of 10 cd/m? were kept con- 
stant throughout the sessions. Contrast sensi- 
tivity measurements were taken binocularly at 
seven spatial frequencies, ranging from 1.5 to 
40.0 cycles per degree, using gratings generat- 
ed on a video screen under computer control. 
Subjects were seated 3 m from the screen and 
asked to detect the orientation of static sinusoi- 
dal gratings with a forced-choice method. After 
four reversals, contrast thresholds correspond- 
ing to 75% correct answers were recorded. 
Additionally, subjects underwent visual acuity 
and fundus examination performed with a di- 
rect ophthalmoscope. 

A decrease of contrast sensitivity was seen 
constantly (P < .01) in all subjects the day after 
their arrival at the base camp of 5,400 m. This 
impairment was for the most part evident in 
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Fig. 2 (Nordmann and associates). Contrast sensi- 
tivity for one patient who had acute mountain sick- 
ness (filled squares). Contrast sensitivity did not 
improve spontaneously after three days. Twelve 
hours after administration of prednisolone, thresh- 
olds were back to sea level values (open squares). 


low and medium spatial frequencies ranging 
from —2.0 to —4.9 dB less than sea level values 
as measured in France before the expedition 
(Fig. 1). Despite contrast sensitivity loss, no 
subject perceived visual impairment or had 
decreased visual acuity. Contrast sensitivity 
returned to normal after 36 hours and remained 
so for as long as the subjects stayed at the same 
altitude. No retinal hemorrhage was detected 
in the 12 subjects. 

Contrast sensitivity tested at the base camp 
did not change after treks to higher altitude, 
except in one case. One subject had sudden 
fatigue and headache after a short ascent of 400 
m from the base camp, which was an acute 
mountain sickness crisis. This subject went 
back immediately to the base camp where con- 
trast sensitivity was tested. A dramatic de- 
crease of contrast sensitivity was recorded 
without change of visual acuity (Fig. 2). Con- 
trast sensitivity loss reached —6.0 dB at medi- 
um spatial frequencies. Contrast sensitivity 
was then tested every 12 hours and showed no 
improvement after three days. Because signs of 
mountain sickness did not disappear spontane- 
ously, 10 mg of prednisolone was administered. 
The drug relieved the general symptoms and 
restored contrast sensitivity to sea level values 
after 12 hours. 

Early swelling of the brain has been suggest- 
ed as the cause of acute mountain sickness,” and 
corticosteroids have been shown to relieve 
symptoms in patients with mountain sickness 
associated with cerebral edema.’ In our subject 
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who had an acute crisis, the efficiency of corti- 
costeroids in correcting contrast sensitivity loss 
supports the role of edema as a factor in the 
pathogenesis of the visual symptoms. 

Contrast sensitivity impairment was an early 
sign of cerebral or retinal disturbances caused 
by altitude hypoxia. This simple test could be 
useful in monitoring acclimatization to high 
altitude and in patients with hypoxia of another 
origin. Hence, contrast sensitivity could give a 
quantitative evaluation of brain and retinal 
disturbances caused by hypoxia. 
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Bilateral Endogenous 
Endophthalmitis in a Patient With 
Diabetes and Renal Papillary 
Necrosis 


Richard H. Havunjian, M.D., 
Robert A. Goldberg, M.D., 
and Robert S. Hepler, M.D. 


Department of Ophthalmology, Jules Stein Eye Insti- 
tute, UCLA School of Medicine. 


Inquiries to Robert A, Goldberg, M.D., Jules Stein Eye 
Institute, 100 Stein Plaza, UCLA School of Medicine, 
Los Angeles, CA 90024. 

Endogenous endophthalmitis is a rare but 
devastating complication in patients with septi- 
cemia. Klebsiella pneumoniae has been implicat- 
ed as the etiologic organism in two series of 
endogenous endophthalmitis, and an associa- 
tion with liver abscess has been described.” We 
treated a patient with bilateral endogenous 


panophthalmitis caused by K. pneumoniae who 
had diabetes and renal papillary necrosis. 

A 67-year-old woman with a 20-year history 
of insulin-dependent diabetes was referred to 
our institution with a diagnosis of mucormyco- 
sis. The patient noted floaters and flashes in her 
left eye approximately seven days before the 
initial examination, and she lost light percep- 
tion over the ensuing two days. Subsequently, 
she developed similar symptoms in her right 
eye with loss of vision. The patient was admit- 
ted to another hospital where blood and urine 
cultures were obtained and intravenous cefazo- 
lin and amphotericin B were started. The next 
day she was transferred to our institution with a 
presumptive diagnosis of mucormycosis. 

On initial examination, the patient had visual 
acuity of no light perception in each eye. Tense 
proptosis, periorbital edema, and erythema 
were accompanied by severe conjunctival injec- 
tion bilaterally. Extraocular muscle ductions 
were significantly limited. Pupils were fixed 
and mid-dilated. Both corneas were edematous 
with folds in Descemet’s membranes. Anterior 
chambers were shallow with severe cell and 
flare. Fundi could not be visualized with in- 
direct ophthalmoscopy. Orbital ultrasound 
disclosed bilateral organizing vitreous debris, 
posterior scleral thickening, and choroidal de- 
tachments (Fig. 1). On a computed tomogra- 
phic scan the sinuses were clear, but there was 
irregular shaggy thickening and enhancement 
of both sclerae and periocular soft tissues (Fig. 
2). A magnetic resonance imaging study of the 
orbits showed clear orbital apices and clear 





Fig. 1 (Havunjian, Goldberg, and Hepler). Orbital 
ultrasound showing dense vitreous opacification 


with membrane formation, posterior scleritis, and 
diffuse orbital widening with infiltrates. 
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Fig. 2 (Havunjian, Goldberg, and Hepler). Orbital 
computed tomographic scan showing posterior scler- 
al thickening, anterior orbital inflammation, and en- 
hancement of the muscle tendons and periocular soft 


tissues. Note that the sinuses are clear. 


cavernous sinuses bilaterally. Cerebrospinal 
fluid, blood, and urine cultures were obtained, 
and laboratory testing for collagen vascular 
diseases was done. Vitreous and adnexal (pos- 
terior Tenon’s capsule and lateral rectus mus- 
cle) biopsy was carried out. The initial Gram 
Stain of the vitreous aspirate disclosed gram- 
negative bacteria. A presumptive diagnosis of 
endogenous bilateral panophthalmitis was 
made, and a regimen of intravenous clavulanate 
potassium and ticarcillin disodium and ampho- 
tericin B was begun. 

Subsequently, vitreous aspirate and urine 
cultures from the other hospital yielded K. 
pneumoniae organisms. All other cultures re- 
mained negative. Extensive search for the 
source of infection included gallbladder sono- 
gram and hepato-iminodiacetic acid scan, bari- 
um enema, echocardiogram, chest, abdominal, 
and pelvic computed tomographic scans, and 
multiple chest, abdominal, and dental x-rays. 
Findings included filling defects in the left 
renal pelvis, left ureteral dilation, and multiple 
nodules in both lung bases. After the repeat 
vitreous biopsy on the seventh hospital day was 
negative for bacteria and fungi, amphotericin B 
was discontinued and ceftizoxime sodium was 
substituted for clavulanate potassium and ticar- 
cillin disodium. Over the next three weeks, the 
patient's periorbital edema gradually subsided, 
and extraocular muscle function partially re- 
turned. She continued, however, to have visual 
acuity of no light perception in both eyes. 
A subsequent outpatient intravenous pyelo- 
gram disclosed extensive left renal papillary ne- 
crosis. 


Endogenous endophthalmitis with enteric 
gram-negative bacilli is a devastating ocular 
infection, which usually results in blindness or 
loss of the eye.’ The course can be fulminant, as 
in our case in which panophthalmitis and sec- 
ondary orbital inflammation simulated mucor- 
mycosis. Chiu, Lin, and Liaw’ described the 
occurrence of K. pneumoniae endophthalmitis 
in three patients in a consecutive series of 180 
patients with liver abscess. Extensive medical 
examination in our patient disclosed severe 
renal papillary necrosis associated with diabe- 
tes; however, no evidence of involvement of the 
hepatobiliary tree was present. Renal outflow 
obstruction resulted in urinary infection and 
brief septicemia, with bacteria seeding to both 
globes in a relatively short period of time, as 
well as to both lungs. Liu, Cheng, and Lin? 
described four of seven patients with endoph- 
thalmitis associated with liver abscess who had 
visual symptoms as an initial manifestation of 
the abscess. This suggests that the infection 
tends to spread to the eye relatively early in the 
course of septicemia. Thus, endogenous en- 
dophthalmitis should be considered in the dif- 
ferential diagnosis of patients with diabetes 
and acutely decreased vision. 
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Clostridium perfringens 
Endophthalmitis 


Stephen B. Wiles, M.D., 
and Carl H. Ide, M.D. 


Mason Institute of Ophthalmology, University of 
Missouri-Columbia. 


inquiries to Stephen B. Wiles, M.D., Mason Institute of 
Ophthalmology, University of Missouri-Columbia, Co- 
lumbia, MO 65212. 

A 14-year-old boy was referred for examina- 
tion five hours after injuring his left eye while 
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constructing a shelter for farm animals. He 
immediately removed the nail that had pierced 
his eye. The right eye had visual acuity of 
20/20 and was physically unremarkable. The 
left eye had visual acuity of counting fingers at 
4 inches. The cornea was perforated inferona- 
sally. Fibrin, lens material, and blood were 
observed in the shallow anterior chamber. Iris 
plugged the wound, and the lens was cataract- 
ous. There was no intraocular foreign body 
visible on physical examination or orbital com- 
puted tomography. There was no afferent pu- 
pillary defect, and motility was normal. Eight 
hours after the injury, the corneal laceration 
was repaired, and extracapsular cataract extrac- 
tion was performed. The posterior capsule was 
not removed since it appeared to be intact. 
Intraoperatively, a posterior retinal hemor- 
rhage was observed, but the vitreous was clear. 
Intravitreal antibiotics were not given. Subcon- 
junctival gentamicin sulfate and cefazolin were 
injected, and a regimen of intravenous genta- 
micin sulfate and penicillin and topical genta- 
micin sulfate was begun. Postoperatively, visu- 
al acuity was bare light perception. 

A left afferent pupillary defect was noted on 
the first postoperative day. A dense corneal 
infiltrate bordered the laceration (Figure). B- 
scan ultrasonography disclosed mild vitreous 
debris. Topical fortified gentamicin sulfate and 
cefazolin were administered hourly. The cul- 
ture of the lens material was negative at 24 
hours, but growth of Clostridium perfringens 
was detected at 48 hours. A repeat sonogram 
suggested either a heightened vitreal inflamma- 
tory response or endophthalmitis. A secondary 
posterior capsulotomy and pars plana vitrec- 
tomy were performed to remove any remaining 
Clostridium organisms and exotoxins. The infu- 
sion was supplemented with 0.1 ml of gentami- 
cin sulfate (40 mg/ml) and 0.03 ml of clindamy- 
cin (120 mg/ml) per 500 ml of balanced salt 
solution. At 72 hours the organism was found 
to be sensitive to chloramphenicol, cefoxitin, 
and metronidazole but resistant to clindamy- 
cin. Six days later, the patient was discharged 
with visual acuity of hand motions. Eighteen 
months after the injury, best-corrected visual 
acuity was 20/40. A left afferent pupillary de- 
fect persisted. 

Clostridium perfringens endophthalmitis usu- 
ally occurs after penetrating trauma, with or 
without a retained intraocular foreign body.’ 
Duke-Elder and MacFaul’ outlined six distinc- 
tive clinical signs associated with gas gangrene 
panophthalmitis that usually precede loss of 





Figure (Wiles and Ide). Corneal edema and infiltra- 
tion after repair of the laceration and lensectomy. A 
fibrinoid anterior chamber blurs iris details. Visual 
acuity is light perception. 


the globe within 24 hours. Leavelle’ reviewed 
58 cases of clostridial panophthalmitis, and all 
globes were either eviscerated or enucleated. 
Crock and associates’ described a patient witha 
retained globe and useful visual acuity (20/60) 
after ocular infection with C. perfringens. This 
patient had bilateral posttraumatic involve- 
ment that led to enucleation of the right eye but 
preservation of the left eye. An aqueous sample 
from the left eye produced growth of C. per- 
fringens. There was no lenticular or vitreal 
infection, and the patient did well after anterior 
chamber irrigation. 

We attribute the favorable outcome in our 
patient to early lensectomy and subsequent 
vitrectomy that apparently removed the nidus 
of infection as well as exotoxins before irrevers- 
ible toxicity could occur. An afferent pupillary 
defect and loss of visual acuity to light percep- 
tion after the injury suggested initial exotoxin 
toxicity. 

Penicillin is the treatment of choice for clos- 
tridial infections; however, systemic antibiotic 
treatment of clostridial endophthalmitis has 
not been successful.’ Although prompt inter- 
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vention appears to be crucial for survival of the 
globe in posttraumatic C. perfringens endoph- 
thalmitis, the diagnosis and treatment of this 
infection before exotoxins destroy ocular tissue 
is difficult since this occurs rapidly. 
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Delayed-Onset Pseudophakic 
Endophthalmitis 


EDITOR: 

In the article, ““Delayed-onset pseudophakic 
endophthalmitis,” by G. M. Fox, B. C. 
Joondeph, H. W. Flynn, Jr., S. C. Pflugfelder, 
and T. J. Roussel (Am. J. Ophthalmol. 111:163, 
February 1991), ten of the 19 patients had re- 
currence of culture-positive endophthalmitis 
after vitrectomy with injection of subconjunc- 
tival and intraocular antibiotics. 

Three years ago, we treated a patient with 
pseudophakic Propionibacterium acnes endoph- 
thalmitis occurring 18 months after cataract 
surgery. He underwent a total posterior vitrec- 
tomy, removal of a large plaque on the posteri- 
or capsule, injection of intraocular vancomycin 
hydrochloride (1 mg), and subconjunctival in- 
jection of vancomycin hydrochloride (25 mg). 


No intravenous or prolonged topical antibiotic 
therapy was used. The inflammation initially 
improved but then gradually recurred. Two 
months after the initial operation, the patient 
was once again found to have endophthalmitis 
with a positive culture. He was then admitted 
to the hospital for one week of intravenous 
vancomycin hydrochloride therapy and treat- 
ment with topical vancomycin hydrochloride 
(50 mg/ml) every one to two hours for two 
weeks. The inflammation gradually subsided 
with prednisolone eyedrops four times daily, 
and within three months all medications were 
discontinued with no residual inflammation. 

Since our experience with this patient, we 
have treated three other patients with pseudo- 
phakic culture-positive P. acnes endophthalmi- 
tis. All patients underwent vitrectomy with re- 
moval of the central posterior capsule, 
injection of intraocular vancomycin hydro- 
chloride, and a regimen of five to seven days 
of intravenous vancomycin hydrochloride and 
frequent topical vancomycin hydrochloride 
eyedrops for two weeks. The intravenous van- 
comycin hydrochloride was initially given to 
each patient at a dosage of 1 g every 12 hours. 
Peak and trough levels were obtained through- 
out the course of therapy, and the intravenous 
doses were adjusted accordingly to maintain 
therapeutic blood levels at all times. No cases 
of renal toxicity developed. 

The intraocular inflammation resolved total- 
ly in all of the patients within three months of 
therapy using topical prednisolone, and the 
patients are currently not taking any antiin- 
flammatory medications. 

We believe that systemic and topical vanco- 
mycin hydrochloride therapy may be necessary 
to eradicate infection totally by organisms 
such as P. acnes, and this may help to explain 
why so many of the patients described by Fox 
and associates had recurrence of their endoph- 
thalmitis. 


MARK H. HAIMANN, M.D. 
HAROLD WEISS, M.D. 
JOEL A. MILLER, M.D. 
Southfield, Michigan 


Reply 


EDITOR: 

We read with interest the cases of Propioni- 
bacterium acnes endophthalmitis reported by 
Drs. Haimann, Weiss, and Miller. We share 
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their concern that recurrence of infection de- 
spite an apparent initial cure is a major prob- 
lem in those cases of delayed-onset endoph- 
thalmitis caused by P. acnes. Of five patients 
in our series with P. acnes infection treated 
initially with injection of intraocular antibiot- 
ics without vitrectomy, recurrent infection oc- 
curred in four patients, which was subse- 
quently cured by vitrectomy and intraocular 
antibiotics. Of the seven patients treated with 
initial vitrectomy and intraocular antibiotics, 
recurrent inflammation occurred in three pa- 
tients. These episodes of recurrent inflamma- 
tion often occurred months after initial treat- 
ment. Therefore, long-term follow-up of these 
cases is mandatory in evaluating any treat- 
ment modality for this problem. Drs. 
Haimann, Weiss, and Miller do not provide 
the length of follow-up of three of the pa- 
tients they have treated for P. acnes endoph- 
thalmitis. 

Although we recommend vancomycin hy- 
drochloride as an intraocular antibiotic for 
treating delayed-onset endophthalmitis, this 
potentially toxic medication may not be nec- 
essarily the only or best choice for systemic 
therapy in confirmed cases of P. acnes end- 
ophthalmitis. Propionibacterium acnes is often 
sensitive to numerous antibiotics, including 
the less toxic third-generation cephalospo- 
rins.! Good intraocular levels after systemic 
therapy with cephalosporins have been dem- 
onstrated in animal models.” If systemic thera- 
py is to be considered after confirmation of P. 
acnes infection by culture of intraocular speci- 
mens, a cephalosporin may be a more logical 
choice. Because we did not use prolonged in- 
travenous medications in a significant number 
of our patients with delayed-onset endoph- 
thalmitis, we are unable to draw any conclu- 
sions about the effectiveness of this form of 
treatment in reducing the number of recur- 
rences in these cases. 

Further animal research studies on intraocu- 
lar antibiotic penetration are needed to deter- 
mine the most appropriate systemic treatment 
for these and other categories of intraocular 
infections. 


GREGORY M. FOX, M.D. 

BRIAN C. JOONDEPH, M.D. 
HARRY W. FLYNN, JR., M.D. 
STEPHEN C. PFLUGFELDER, M.D. 
THOMAS J. ROUSSEL, M.D. 
Miami, Florida 
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increased Intraocular Pressure in 
Severely Burned Patients 


EDITOR: 

In the article, “Increased intraocular pres- 
sure in severely burned patients,” by L. S. 
Evans (Am. J. Ophthalmol. 111:56, January 
1991), three patients were described with in- 
creased intraocular pressure secondary to in- 
creased orbital pressure and congestion after 
severe body and facial burns. Treatment of 
these three patients included a lateral can- 
thotomy but not a cantholysis (division of the 
attachment of the lateral canthal tendon to the 
lateral orbital rim). All three patients had a 
significant decrease in intraocular pressure, 
but ‘‘none of the eyes had normal intraocular 
pressure after canthotomy.” The author attri- 
butes this to “incompleteness of the can- 
thotomy and residual high orbital pressure.” 

Increased intraorbital and secondary in- 
creased intraocular pressure can occur from 
any increase in the volume of the soft tissues 
within the bony confines of the orbit. Pressure 
increases in the orbit because the eyelid tarsal 
plates with firm attachment to the posterior 
lacrimal crest and the lateral orbital rim pre- 
vent anterior expansion of the orbital contents. 
An increase in orbital soft tissue volume may 
be secondary to fluid shifts from the intravas- 
cular to the extravascular space in burned pa- 
tients, orbital hemorrhage after any type of 
eyelid or orbital surgery, purulent material in 
patients with orbital infection with or without 
abscess formation, or orbital air after medial 
orbital wall or orbital floor fracture. If vision is 
compromised because of increased intraocular 
or intraorbital pressure, release of the tarsal 
ligamentous sling of the upper and lower eye- 
lids should be considered. A lateral can- 
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thotomy only will allow a limited amount of 
anterior orbital decompression since the tarsal 
ligamentous sling remains intact, which pre- 
vents anterior orbital decompression. Substan- 
tial anterior decompression can only be 
achieved by lysis of the superior and inferior 
limbs of the lateral canthal tendon at their at- 
tachment to the lateral orbital rim.! This al- 
lows anterior displacement of the globe and 
adjacent orbital soft tissues, which decreases 
orbital and ocular pressure. 


RUSSELL W. NEUHAUS, M.D. 
Austin, Texas 
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1. Neuhaus, R. W.: Complications of Blepharo- 
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Reply 





EDITOR: 

Dr. Neuhaus emphasizes that cantholysis 
provides a more complete orbital decompres- 
sion than lateral canthotomy. If a lateral can- 
thotomy is to be done, it should be carried to 
the orbital rim and the skin incised beyond the 
rim to achieve maximum effect. In two of my 
patients, | observed marked anterior displace- 
ment of the globe immediately after lateral 
canthotomy was performed. Lateral can- 
thotomy usually heals well without further 
surgical procedure; however, if cantholysis 
were done, it would probably have been neces- 
sary to reattach the canthal tendons later to 
correct a rounding deformity of the lateral can- 
thus. One might consider performing lateral 
canthotomy first, to be followed by cantholysis 
if intraocular pressure remains unacceptably 
increased. If an eyelid has sustained a full- 
thickness (third-degree) skin burn, a scar with 
contracture deformity is likely to occur, and 
this may lead to an ectropion with exposure of 
the globe. In this case, I am concerned that 
cantholysis could facilitate a medial contrac- 
ture deformity and exacerbate problems with 
exposure and reattachment of the tendon. 


LAWRENCE S. EVANS, M.D. 
Maywood, Illinois 
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Surgical Management of Oculomotor 
Nerve Palsy 


EDITOR: 

In the article, “Surgical management of ocu- 
lomotor nerve palsy,” by I. Gottlob, R. A. Cat- 
alano, and R. D. Reinecke (Am. J. Ophthalmol. 
111:71, January 1991), the authors describe 
their technique of anterior transposition of the 
ipsilateral superior oblique tendon (Scott pro- 
cedure). We agree that differences in surgical 
technique may have accounted for the frequent 
occurrence of hypertropia and paradoxic ocu- 
lar movements in our previously reported 
cases.’ Their assertion that the Scott procedure 
is effective in restoring or maintaining primary 
position alignment is speculative, however, 
since it was always accompanied by extensive 
horizontal rectus muscle surgery. We continue 
to believe that horizontal rectus muscle sur- 
gery alone can provide satisfactory long-term 
results in most patients with oculomotor nerve 
palsy and have yet to see convincing evidence 
that superior oblique muscle transposition is 
either necessary or helpful. 


RICHARD A. SAUNDERS, M.D. 
Charleston, South Carolina 
GARY L. ROGERS, M.D. 
Columbus, Ohio 
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Reply 





EDITOR: 

We concur with Drs. Saunders and Rogers 
that changing surgery certainly may make the 
results better, but our data do substantiate our 
claim that the Scott procedure (with adequate 
horizontal muscle surgery) is effective in re- 
storing or maintaining the primary position 
alignment with long follow-up periods. We 
would further note that our clinical results be- 
fore the use of the superior oblique muscle as 
a tonic adduction force were poor. Those poor 
results were, after several years, that the oper- 
ated on eyes would drift down and out to a 
position close to the original misalignment. 
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Those of us who have followed up cases for 
long periods of time, particularly in clinics 
such as the Massachusetts Eye & Ear Infirmary 
where numerous surgeons operated on eyes 
with oculomotor palsy with many years of 
poor results before the transplantation of the 
tendon of the superior oblique muscle, realize 
that the maintenance of the initial surgical re- 
sults is difficult in these cases. It was not until 
transposition of the superior oblique tendon 
became an accepted procedure that the eyes 
remained straight for long periods of time.’ 
Further, the original transplantation out of the 
trochlea was a difficult procedure, and we have 
been pleased with the Scott procedure, which 
is simpler in maintaining the mild amount of 
tension necessary for alignment. Those oph- 
thalmologists who fail to take into account the 
continued shortening of muscles that are un- 
opposed realize the importance of this consid- 
eration. 


I hope that readers will not be unduly influ- 
enced by speculation that only horizontal sur- 
gery without an opposing chronic tension 
source will maintain alignment. If, however, 
Drs. Saunders and Rogers have long-term data 
on good results, they should publish it. 


IRENE GOTTLOB, M.D. 
ROBERT D. REINECKE, M.D. 
Philadelphia, Pennsylvania 
ROBERT A. CATALANO, M.D. 
Albany, New York 
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BOOK REVIEWS 


Edited by H. Stanley Thompson, M.D. 


Books Received 


Orthoptic Assessment and Management. By 
David Stidwill. St. Louis, Mosby-Year Book, 
1990. 182 pages, index, illustrated. $59.95 


This text is directed toward optometric final 
examinations in the United Kingdom. It in- 
cludes a thorough review of exercises for ab- 
normalities of convergence and accommoda- 
tion, but there is too much emphasis on 
anomalous retinal correspondence and how to 
make the diagnosis. Anomalous retinal corre- 
spondence is an uncommon condition that is 
seldom troublesome. Most readers need help in 
understanding the theoretic basis of anomalous 
retinal correspondence, and this book does not 
provide it. 


Wally, The Scholarly Walrus. By Lee Hill. New 
York, Vantage Press, 1990. 23 pages, illustrat- 
ed. $6.95 


Children’s books, such as this one, help kids 
through almost any imaginable emotional cri- 
sis. A school-age walrus needs spectacles, so 
his mom takes him to the eye doctor. He worries 


about his self image until a sensitive girl walrus 
tells him he looks ‘distinguished! Twelve 
charming pen and ink drawings by Wally 
Littman are included. In pamphlet form, this 
might be worth giving out with new prescrip- 
tions for spectacles. 





The Book List 





Advances in Ophthalmic Plastic and Recon- 
structive Surgery. By Stephen L. Bosniak and 
Byron C. Smith. Philadelphia, Pergamon Press, 
1990. 288 pages, index, illustrated. $82.50 


Focal Points 1990. Clinical Modules For Oph- 
thalmologists. San Francisco, American Acad- 
emy of Ophthalmology, 1990. 12 sections, in- 
dex. $85 members, $110 nonmembers 


How to Write and Publish Papers in the Medical 
Sciences, ed. 2. Edited by Edward J. Huth. 
Baltimore, Williams & Wilkins, 1990. 252 pages, 
index. $29.95 


Scanning Laser Ophthalmology and Tomogra- 
phy. By J. E. Nasemann and R. O. W. Burk. 
Lombard, IL, Quintessence Publishing, 1991. 
271 pages, index, illustrated. $140 


OPHTHALMIC MINIATURE 

The only father I knew was a big painting that hung in the main hall. He 
was a large, unsmiling man, unhappy to be so still on the wall. His restless 
eyes followed me around the house. Even from my room at the end of the 
hall, I could see my father’s watching eyes. Popo said he watched me for any 
signs of disrespect. So sometimes, when I had thrown pebbles at other 
children at school, or had lost a book through carelessness, I would quickly 
walk by my father with a know-nothing look and hide in a corner of my 
room where he could not see my face. 


Amy Tan, The Joy Luck Club 


New York, G. P. Putnam’s Sons, 1989, p. 43 
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Obituary 


RONALD G. MICHELS 


1943-1991 

On Jan. 15, 1991, ophthalmology and the sub- 
specialty of vitreoretinal diseases lost a great 
leader, teacher, and physician, Ron Michels. 

Ron grew up in the small town of Henderson, 
North Carolina. He attended the University of 
North Carolina, where he was an outstanding 
student and a member of the Tar Heel golf team. 
In his characteristically generous manner, Ron 
freely gave golf tips to his friends throughout 
his life; many of us have enjoyed his recounting 
of his efforts to school us over the years. He 
remained at Chapel Hill for medical school, 
where he worked with Sam McPherson, who 
urged Ron to consider his alma mater, Wilmer 
Ophthalmological Institute, for residency. In 
1968, Ron went to Baltimore for an internship 
in medicine at Johns Hopkins, and he entered 
his ophthalmology residency at Wilmer one 
year later. 

My friendship and respect for Ron com- 
menced on July 1, 1969, my first day as chief 
resident and his first day as a resident at the 
Wilmer Institute. This chief resident/ first-year 
resident relationship provided the opportunity 
to form close friendships, because the approach 
at Wilmer was to employ the Socratic method 
and to involve the residents actively in case 
discussions. I will never forget that first day 
when, in my position of leader, I asked for a 
presentation of the first patient for the academ- 
ic year, a patient with sarcoidosis. I had not 
really known any of the first-year residents 
before these rounds, and I randomly chose Ron 
to discuss the disease process of sarcoidosis. 
Thirty minutes later, he was still speaking! His 
discussion was extraordinarily well organized; 
there was no hesitation, no repetition, and no 
“um's” or “ah's.” Indeed, any visiting profes- 
sor would have been proud to have given sucha 
thorough presentation as was delivered by this 
young physician on his first day as an ophthal- 
mology resident. I knew immediately that Ron 
Michels had the makings of a superstar in 
ophthalmology. During the remainder of his 
residency, Ron made major contributions to the 
success of the resident teaching program and to 
the highest standard of care in the Wilmer 
Clinic. His great knowledge and organization, 
combined with an incredible work ethic, made 
him a stalwart upon whom all of the other 





Ronald G. Michels 
1943-1991 


residents and I came to rely. As residents and 
young faculty at Wilmer, Ed Maumenee was our 
professor and role model. One of the best 
things the “Prof” ever did for me was to select 
Ron as a first-year resident for our group. 
After his residency, Ron moved on to Bascom 
Palmer as a retina-vitreous fellow. This was a 
particularly exciting time for those interested 
in retinal diseases, and Ron recalled that he was 
fortunate to work under the guidance of Ed 
Norton and the rest of the outstanding group in 
Miami, including Don Gass, Victor Curtin, and 
Robert Machemer. Ron found himself right at 
home in this exciting and stimulating environ- 
ment. His papers with Don Gass on branch vein 
occlusion and the series of publications with 
Robert Machemer regarding vitreous surgery 
clearly set the standard for that day and estab- 
lished Ron as one of the up-and-coming retinal 
specialists who would lead the revolution in the 
diagnosis and management of retinal diseases. 
Ron had an incredible ability to analyze and 
organize, which, coupled with his hard work, 
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allowed him to establish monumental goals and 
then to accomplish them. At the same time, he 
could find humor in any situation, and he was 
always there to help his friends. 

I fondly remember visiting Ron and his beau- 
tiful and charming wife, Alice, in Miami; they 
epitomized the most positive aspects of south- 
ern hospitality. Although none of us had in- 
come other than the stipend of a house officer 
while in training, we truly had great times 
together, and all of us knew that the world was 
our oyster. I was pleased to see that my young 
friend was taking up tennis in Miami and, 
characteristically, was going at it in a deter- 
mined and organized manner. As in everything 
he did, he had infectious enthusiasm. There 
was no halfway about Ron Michels. However, 
he never achieved the prowess displayed by 
Alice in this sport! We always had great fun 
together, and I always eagerly anticipated every 
meeting with Ron and Alice, including the 
chance to stay with them every year for the 
annual Wilmer meeting. 

It was with extremely mixed emotions that I 
left Baltimore, Wilmer, and many good friends 
to come to Los Angeles in 1974. Ron inherited 
my office at Wilmer and quickly established 
himself and the Wilmer Institute as leaders in 
vitreoretinal diseases. His series of papers on 
vitreoretinal surgery, beginning in the early 
1970s, were truly outstanding contributions in 
the field of ophthalmology. He had a number of 
important papers published and provided im- 
portant contributions to every major journal in 
ophthalmology. Among his major publications 
was the book, Vitreous Surgery, voted the med- 
ical book of the year for 1981. It is almost 
unbelievable that one individual could be 
awarded this prize twice, but Ron won it again 
for his outstanding book, Retinal Detachment, 
which was coauthored with Pat Wilkinson and 
Tom Rice and published in 1990. 

Ron’s curriculum vitae included some 280 
contributions to the literature. His series of 
papers relating to diabetic retinopathy and the 
proper approaches to complications of vitreous 
surgery in diabetes have fundamentally influ- 
enced the practice of vitreoretinal surgery. His 
papers on complicated retinal detachments, 
proliferative vitreoretinopathy, and epiretinal 
membranes were major contributions to the 
field of vitreous surgery. His surgical fame, 
however, extended far beyond his manuscripts 
and lectures. 

In the late 1970s, when the Cold War was at 
its most frigid, the Kremlin sought the best 
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vitreoretinal surgeon in the world to operate on 
one of their leaders. They asked Ron Michels to 
go to Moscow, where he and his good friend, 
Walter Stark (as his assistant), performed suc- 
cessful surgery for a macular pucker. As would 
be expected, considering the political climate of 
the time, it was requested that everything be 
kept secret, and only the Central Intelligence 
Agency was to be involved in the debriefing. 
Ron always enjoyed telling the story of his 
attempts to avoid the media and to separate 
Walter from them. A few years later, the scenar- 
io was replayed when an Afghan resistance 
hero sought care for his remaining eye, which 
was in a seemingly hopeless condition. Ron 
salvaged the eye. This Afghan hero, again 
thanks to Walter’s promotional spirit, came 
away believing that Dr. Stark had saved his 
vision. Ron related these stories and others so 
well and with such humor and an obvious lack 
of rancor that they elicited nothing but good 
fellowship, especially from Walter. Ron was 
often cited for his work on behalf of Sugar Ray 
Leonard, whose retinal detachment he success- 
fully repaired. Another boxer, Ernie Shavers, 
had a giant retinal tear. As with Leonard, Ron 
again performed the operation successfully. 
Ron was not an advocate of boxing, but he 
pointed out clearly and concisely the pathogen- 
esis and pathoanatomy of these detachments 
that he had successfully treated. 

Ron contributed greatly to the Wilmer Insti- 
tute and its reputation for leadership in vitreo- 
retinal diseases and surgery until September 
1989, when he left to go into practice with Bert 
Glaser. He told me of the pleasure he took in 
this new approach and his enjoyment of his 
professional association with Bert, who freely 
gives credit to Ron for stimulating his career, 
first as a young resident and then as a fellow 
and faculty member of the vitreoretinal service 
at Wilmer and then in private practice together. 
Alice Michels has favored the concept of the 
Ronald G. Michels Fellowship Fund, which will 
fund vitreoretinal fellows throughout the world 
on a competitive basis. She has indicated that, 
because Ron profited so much from and took 
such pride in his Heed Fellowship, such a fund 
bearing his name and focusing on vitreoretinal 
diseases would most appeal to him among all 
the memorial possibilities. 

I could discuss exhaustively the many accom- 
plishments of Ron Michels on a professional 
level, but perhaps his most outstanding contri- 
butions were as an individual and human being 
at a personal level. For many years, I had the 
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pleasure of having Ron as my tennis partner at 
the annual Academy meeting, when he and I 
would take on Ron Smith and Pat Wilkinson. As 
any who saw us know, there was far more talk 
than talent on the tennis court. When Ron 
Smith would periodically try to employ his 
psychological warfare and head games, Ron 
Michels, with his proper club etiquette and 
being a true gentleman, could only marvel at 
some of the antics of the players he faced across 
the net. At the small postmatch dinner, euphe- 
mistically called the awards banquet, Ron 
would distinguish himself as the toastmaster, 
good-naturedly pointing out the athletic short- 
comings and foibles of Drs. Smith and Wilkin- 
son. Ron had a great sense of humor and was 
truly glib. 

Throughout his illness, Ron showed the cour- 
age, fortitude, and genuine concern for his 
friends that characterized his friendships in 
life. Against a devastating and, ultimately, ter- 
minal illness, Ron marshaled his own remark- 
able strength and positive attitude. The inner 
confidence and conviction that allowed Ron to 
persuade patients to take on otherwise impossi- 
ble operations, he applied to himself. He con- 
vinced himself that he would have a successful 
heart transplant that would allow him to carry 
on his life and work in ophthalmology. He was 
genuinely concerned about the sorrow of his 
friends when telling us of his illness. At the 
same time, by his positive attitude and indomi- 
table will, he also caused us to believe that a 
heart transplant would be successful. In retro- 
spect, it is still hard to believe that so many of 
us, as physicians, suspended rational thinking 
about the realities and difficulties of a heart 
transplant because Ron had assured us that it 
would work. 

In the last few weeks of his life, Ron spoke to 
me with great pride of the accomplishments of 


his family. He noted his son, Randy’s, good 
record in school and of his accomplishments in 
golf and tennis. Many times, he stated how 
proud he was of Randy. His daughter, Allison, 
likewise, brought in ribbons, and Ron took 
great pleasure in his daughter. He spoke freely 
of his love for Alice and the great support she 
had been throughout his life and, particularly, 
during this illness. 

Ron was truly extraordinary. His organiza- 
tion and ability to pull projects through to 
fruition suggest that, in some ways, he was 
bigger than life. In regard to the saying, “To 
him whom much is given is much expected,” 
there is no question but that Ron was given far 
more talents and abilities than most. At the 
same time, we all recall that Ron gave to others 
far more than he took throughout his life. He 
truly was a giver who was committed to helping 
his fellow man. Whether a government leader 
in this or any other country, a captain of indus- 
try or a production line assembler, a multimil- 
lion dollar professional athlete or a Little 
League shortstop, all of Ron’s patients received 
equal treatment, that is, the best. When work- 
ing with him, we came to accept his exceptional 
performance as the norm. Even when observing 
him from a distance, one could see how truly 
extraordinary were his accomplishments. He 
was a dedicated and inspiring teacher, a skilled 
and caring ophthalmic surgeon, and a sensitive 
and loving family man and friend whose ab- 
sence will be felt for many, many years. 

A memorial service for Ron Michels was held 
on April 25, 1991, during the 50th anniversary 
meeting of the Wilmer Residents Association at 
the Johns Hopkins Medical Institute in Balti- 
more, Maryland. 


STEPHEN J. RYAN 
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Epidemiologic evidence of a role for the anti- 
oxidant vitamins and carotenoids in cataract 
prevention. Jacques, P. F., and Chylack, L. T., 
Jr.: Am. J. Clin. Nutr. 53:352S, 1991. 


CATARACT, VITAMIN C, VITAMIN E 


The relationship between antioxidant nutri- 
ent status and senile cataract was examined in 
77 subjects with cataracts and 35 control sub- 
jects with clear lenses. The subjects were classi- 
fied as having low (below the 20th percentile), 
moderate (20th to 80th percentiles), and high 
levels (above the 80th percentile) of plasma 
nutrient and nutrient intake of vitamin C, vita- 
min E, and carotenoids. The odds ratio of corti- 
cal cataract among subjects with low plasma 
carotenoid levels was 7.2, and the odds ratio of 
posterior subcapsular cataract for subjects with 
low plasma vitamin C was 11.3. Low vitamin C 
intake was associated with an increased risk of 
cortical cataract (odds ratio, 3.7) and posterior 
subcapsular cataract (odds ratio, 11.0). Subjects 
who consumed fewer than 3.5 servings of fruit 
or vegetables per day had an increased risk of 
both cortical cataract (odds ratio, 5.0) and pos- 
terior subcapsular cataract (odds ratio, 12.9). 
These findings support the hypothesis that oxi- 
dation of lens proteins may play an important 
role in the pathogenesis of age-related cata- 
ract.—Michael A. Kass 


A possible role for vitamins C and E in cata- 
ract prevention. Robertson, J. M.*, Donner, 
A. P., and Trevithick, J. R.: Am. J. Clin. Nutr. 
53:346S, 1991. 


CATARACT, VITAMIN C, VITAMIN E 


Biochemical evidence suggests that oxidative 
stress caused by accumulation of free radicals is 
involved in the pathogenesis of senile cataracts. 
If so, appropriate amounts of the antioxidant 
vitamins C and E might be expected to prevent 
or retard the process. Such activity has been 
observed in several in vitro and in vivo studies 
of experimentally induced cataracts. A recent 
epidemiologic study found that cataract pa- 
tients tended to have lower serum levels of 
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vitamins C, E, or carotenoids than did control 
subjects. The present investigation, which com- 
pared the self-reported consumption of supple- 
mentary vitamins by 175 cataract patients with 
that of 175 individually matched, cataract-free 
subjects, revealed that the latter group used 
significantly more supplementary vitamins C 
and E (P = .01 and .004, respectively). Because 
the results suggested a reduction in the risk of 
cataracts of at least 50%, a randomized, con- 
trolled trial of vitamin supplementation in cata- 
ract prevention may be warranted.—Authors’ 
abstract 


*Department of Epidemiology and Biostatistics, Fac- 
ulty of Medicine, University of Western Ontario, 
London, Ontario, N6A 5C1, Canada. 


Randomized single blind trial to compare the 
toxicity of subconjunctival gentamicin and 
cefuroxime in cataract surgery. Jenkins, 
C. D. G., McDonnell, P. J., and Spalton, D. J.*: 
Br. J. Ophthalmol. 74:734, 1990. 


CATARACT SURGERY, SUBCONJUNCTIVAL 
GENTAMICIN, SUBCONJUNCTIVAL CEFUROXIME 


Comparatively little attention has been paid 
to the conjunctival toxicity of antibiotics ad- 
ministered at the time of cataract surgery. We 
have observed the effect of subconjunctival 
gentamicin and cefuroxime injection, using col- 
or photography in a randomized single blind 
trial of 121 patients undergoing routine cata- 
ract surgery. Our results suggest that a hypere- 
mic eye is likely to occur about twice as often in 
patients injected with gentamicin (P < .001). 
Gentamicin is associated with more pain post- 
operatively (P < .05). Significant manifesta- 
tions of gentamicin toxicity are conjunctival 
edema and capillary closure. Cefuroxime has 
some theoretical advantages over gentamicin in 
its antibacterial spectrum.— Authors’ abstract 


*Medical Eye Unit, St. Thomas’s Hospital, Lambeth 
Palace Rd., London SE1 7EH. 


Precapsular film on the aging human lens. 
Precursor of pseudoexfoliation? Dark, A. J., 
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and Streeten, B.W.*: Br. J. Ophthalmol. 
74:717, 1990. 


PSEUDOEXFOLIATION, FIBRILLIN, PRECAPSULAR 
FILM 


In many older patients we observed a layer of 
subtle opacification on the anterior lens cap- 
sule, appearing as a ground glass film biomicro- 
scopically. This precapsular film could be uni- 
form but often had radial gray lines in the mid 
zone, holes in the paracentral region, and was 
occasionally rolled up in strings. Lens capsular 
material obtained at cataract extraction was 
studied in patients with and without the film. 
By scanning electron microscopy the precapsu- 
lar film appeared as a friable, incomplete fibril- 
lar layer, with rolling of the edges suggesting 
loose attachment. Ultrastructurally its compo- 
nent fibrils were from 3-6 nm in diameter, 
similar to the finer fibrils in pseudoexfoliation 
material. Like pseudoexfoliation material the 
layer stained positively for the elastic microfi- 
bril-associated protein, fibrillin, in a lens with 
radial striations. These similarities suggested 
that the two conditions have some relationship 
and that the precapsular film may be a precur- 
sor of pseudoexfoliation. Finding patches of the 
fibrillar network in some control patients im- 
plies that the precapsular film is common in 
patients of cataract age, though seldom detect- 
ed clinically.—Authors’ abstract 


*Department of Pathology, Weiskotten Hall, SUNY 
Health Science Center, 766 Irving Ave., Syracuse, NY 
13210. 


Force necessary to fracture the orbital floor. 
Green, R. P., Jr.*, Peters, D. R., Shore, J. W., 
Fanton, J. W., and Davis, H.: Ophthalmic Plast. 
Reconstr. Surg. 6:211, 1990. 


ORBITAL BLOW-OUT FRACTURE, HYDRAULIC 
MECHANISM, ANIMAL MODEL 


Current thought on the pathophysiology of 
orbital wall fractures postulates either a ‘‘hy- 
draulic” or a “buckling” mechanism. Evidence 
from cadaver, dried skull, and theoretical mod- 
el studies supports both theories. No in vivo 
data, human or nonhuman primate, are avail- 
able that quantitate the force necessary to frac- 
ture the orbital floor by either of the two mecha- 
nisms. We developed an apparatus that delivers 
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quantifiable force only to the globe, without 
occluding the orbital opening or striking the 
orbital rim. We used it on 11 anesthetized 
Macaca fascicularis monkeys. Following a single 
bilateral application, the orbits were exenterat- 
ed, and the orbital walls and orbital contents 
were examined to determine the extent of inju- 
ries. Fractures were described, diagrammed, 
and photographed. Fracture of the orbital floor 
was consistently produced at and above a force 
of 2.08 J. Posterior ruptures of five eyes oc- 
curred over the same range. We provide the first 
accurate measurements of the force required to 
produce orbital blow-out fractures in a live 
primate model. We show that orbital floor frac- 
tures can occur at low energies with direct 
ocular trauma only (‘‘pure’’ hydraulic mecha- 
nism). Orbital wall fractures failed to protect 
the globe from rupture in 23% of cases.— 
Authors’ abstract 


*USAFSAM/NGO, Brooks Air Force Base, TX 78235. 


Color Doppler imaging in the management of 
intraocular tumors. Lieb, W.E., Shields, 
J. A.*, Cohen, S. M., Merton, D. A., Mitchell, 
D. G., Shields, C. L., and Goldberg, B. B.: Oph- 
thalmology 97:1660, 1990. 


COLOR DOPPLER ULTRASOUND, INTRAOCULAR 
TUMORS, IMAGING 


Forty-four intraocular mass lesions were 
studied using a new, noninvasive ultrasound 
technique known as color Doppler imaging. 
This technique displays color-encoded Doppler 
flow information throughout a two-dimension- 
al gray scale image thus providing selective 
analysis of Doppler spectra in small vessels 
using pulsed Doppler. Abnormal Doppler shifts 
were demonstrated within 39 neoplastic lesions 
studied, but Doppler shifts could not be detect- 
ed in three tumor-simulating lesions. In a group 
of 12 choroidal melanomas studied after radia- 
tion therapy, lower Doppler shifts were seen 
compared with a group of 28 tumors before 
therapy. This change in Doppler shift may re- 
flect the decreased vascular supply of the tu- 
mor. Color Doppler imaging may be of value as 
an additional useful tool in the diagnosis and 
management of intraocular tumors.—Authors’ 
abstract 


*Oncology Service, Wills Eye Hospital, 9th and Wal- 
nut Sts., Philadelphia, PA 19107. 
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Tonometer utilization, accuracy, and calibra- 
tion under field conditions. Wessels, |. F.*, 
and Oh, Y.: Arch. Ophthalmol. 108:1709, 1990. 


OFFICE TONOMETERS, CALIBRATION 


A field survey conducted in 94 ophthalmolo- 
gists’ offices in our immediate area assessed the 
accuracy of tonometers in daily use. One hun- 
dred eighty-five instruments were examined: 
127 were slit lamp mounted, 48 were hand held, 
and 10 were noncontact devices. Nineteen per- 
cent of applanation tonometers were outside 
the manufacturers’ specifications (1 mm Hg of 
the calibration) and 4.5% were more than 2 mm 
Hg in error. The error was constant across the 
scale. Hand-held applanators were less accu- 
rate than those on slit lamps (P < .02); the latter 
demonstrated an association between accuracy 
and age (P < .05) and heavier use (P < .01). 
Annual recalibration was performed in 86% of 
instruments. Those practitioners who them- 
selves performed the calibration had the most 
accurate instruments. Less than 15% knew how 
to perform the calibration check.—Authors’ ab- 
stract 


*Department of Ophthalmology, Loma Linda Uni- 
versity, 11370 Anderson St., Ste. 1800, Loma Linda, 
CA 92354. 


The impact of intraocular pressure on visual 
field loss in primary open angle glaucoma. 
Gramer, E.*, and Althaus, G.: Klin. Monatsbl. 
Augenheilkd. 197:218, 1990. 


PRIMARY OPEN-ANGLE GLAUCOMA, VISUAL FIELD 
LOSS, INTRAOCULAR PRESSURE 


There has been controversy about the extent 
to which increased intraocular pressure con- 
tributes to the visual field loss of open-angle 
glaucoma. A group of 300 patients underwent 
careful automated perimetry using program 31 
of the Octopus perimeter. The total visual field 
loss as quantified with program Delta correlat- 
ed with the maximum intraocular pressure re- 
corded. In a second study, 54 patients with 
open-angle glaucoma and markedly asymmet- 
ric visual field loss were studied. The eyes with 
greater visual field loss had higher maximum 
intraocular pressures than the fellow eyes with 
lesser visual field loss. In a third study, 300 
patients with primary open-angle glaucoma 
were divided into different groups on the basis 


of maximum intraocular pressure recorded. 
Group 1 had a maximum intraocular pressure 
of less than 30 mm Hg; Group 2 had a maximum 
intraocular pressure of 30 to 38 mm Hg; and 
Group 3 had a maximum intraocular pressure 
of 37 mm Hg or more. With increasing intraocu- 
lar pressure there was more diffuse loss of 
vision involving both the upper and lower visu- 
al fields. Thus, it appears that high intraocular 
pressure results in diffuse nerve fiber damage, 
whereas nonpressure-dependent risk factors 
are associated with more localized visual field 
damage.—Michael A. Kass 


*Universitats-Augenklinik Wurzburg, Josef-Schnei- 
der-StraBe 11, D-8700 Wurzburg, Germany. 


Peripheral contrast sensitivity in glaucoma 
and ocular hypertension. Falcao-Reis, F., 
O'Donoghue, E., Buceti, R., Hitchings, R. A., 
and Arden, G. B.*: Br. J. Ophthalmol. 74:712, 
1990. 


PERIPHERAL CONTRAST SENSITIVITY, 
OPEN-ANGLE GLAUCOMA, OCULAR 
HYPERTENSION 


Previous studies have attempted to diagnose 
open-angle glaucoma on the basis of dimin- 
ished central contrast sensitivity. Although 
losses in contrast sensitivity occur in patients 
with open-angle glaucoma, there is overlap 
with control subjects even when the grating 
pattern is modulated as a function of time. 
Since the earliest visual field loss in glaucoma 
occurs peripherally, it is reasonable to measure 
contrast sensitivity peripherally as well. Meas- 
urements of contrast sensitivity were made cen- 
trally and peripherally, at 10, 15, 20, and 25 
degrees off-axis in each of the four meridians 
45, 135, 225, and 315 degrees. A sine wave 
grating of 1.9 cycles per degree, reversing at 1 
Hz was used. Patients with primary open-angle 
glaucoma and minimal visual field loss were 
compared to normal individuals and ocular 
hypertensive individuals, with the latter group 
being divided into high-, medium-, and low- 
risk groups. The patients with primary open- 
angle glaucoma had normal central contrast 
sensitivity, but at 20- and 25-degrees eccentric- 
ity the values for contrast sensitivity were more 
than 2 standard deviations above the normal 
mean. This was also the case for high-risk 
ocular hypertensive subjects but not for low- 
risk subjects. It is possible that a modification 
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of this technique may be a practical tool for 
glaucoma screening.—Michael A. Kass 


*Electrodiagnostic Clinic, Moorfields Eye Hospital, 
City Rd., London EC1V 2PD. 


Population and pedigree studies reveal a lack 
of association between the dopamine D, re- 
ceptor gene and alcoholism. Bolos, A. M., 
Dean, M., Lucas-Derse, S., Ramsburg, M., 
Brown, G.L., and Goldman, D.*: JAMA 
264:3156, 1990. 


ALCOHOLISM, GENETIC PREDISPOSITION, 
DOPAMINE D, RECEPTOR GENE 


Using the dopamine D, receptor clone lamb- 
da hD2G1, Blum et al recently found that the 
D,/Taq 1 allele (A1) was present in 69% of 35 
deceased alcoholics but in only 20% of an equal 
number of controls. To assess this association 
further, we evaluated the D,/Tag 1 polymor- 
phism and a single-strand conformation poly- 
morphism detected by polymerase chain reac- 
tion and nondenaturing gel electrophoresis 
(PCR-SSCP) of the 3’ noncoding region of the 
D, receptor gene. We studied 40 unrelated 
white alcoholics, 127 racially matched controls, 
and two white pedigrees. The Schedule for 
Affective Disorders and Schizophrenia-Life- 
time Version (SADS-L) clinical diagnostic inter- 
views were rated blindly by two clinicians. The 
SADS-L interviews and other data were then 
used to ascertain diagnoses according to the 
Diagnostic and Statistical Manual of Mental 
Disorders, Revised Third Edition (DSM-111-R) 
criteria. Alcoholics were subtyped according to 
age of onset, severity, presence of antisocial 
personality, and family history. No significant 
differences in either D,/Tag 1 or PCR-SSCP 
allele frequencies were observed between alco- 
holics, subpopulations of alcoholics, or con- 
trols. The PCR-SSCP polymorphism provided 
independent information against linkage at the 
D, receptor locus. Several recombinants be- 
tween the D,/Taq 1 locus and alcoholism were 
observed in two white families with an alcohol- 
ic parent who possessed the A1 allele. This 
study does not support a widespread or consis- 
tent association between the D, receptor gene 
and alcoholism.—Authors’ abstract 


*Section on Genetic Studies, Laboratory of Clinical 
Studies, National Institute on Alcohol Abuse and 
Alcoholism, 9000 Rockville Pike, Bldg. 10, Rm. 3C- 
102, Bethesda, MD 20892. 
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Environmental illness. A controlled study of 
28 subjects with “20th century disease.” 
Black, D. W.*, Rathe, A., and Goldstein, R. B.: 
JAMA 264:3166, 1990. 


ENVIRONMENTAL ILLNESS, IMMUNOLOGIC 
DISEASE, PSYCHIATRIC DISORDER 


Environmental illness is a polysymptomatic 
disorder believed by “clinical ecologists” to 
result from immune dysregulation brought on 
by common foods and chemicals. We systemati- 
cally evaluated 28 subjects who had been as- 
signed a diagnosis of environmental illness. 
The subjects indicated a strong interest in their 
diagnosis, were generally satisfied with their 
clinical ecologist, and were dissatisfied with 
traditional medical approaches. Subjects re- 
ported varying treatments, including dietary 
restrictions, avoidance of offending agents, and 
physical treatments. Using the Diagnostic In- 
terview Schedule, we found that 15 (65%) of 23 
subjects met criteria for a current or past mood, 
anxiety, or somatoform disorder compared 
with 13 (28%) of 48 age- and sex-matched 
community controls. We conclude that patients 
receiving this diagnosis may have one or more 
commonly recognized psychiatric disorders 
that could explain some or all of their symp- 
toms.—Authors’ abstract 


“Department of Psychiatry, University of Iowa Col- 
lege of Medicine, 500 Newton Rd., Iowa City, IA 
52242. 


A randomized, double-blind trial of nystatin 
therapy for the candidiasis hypersensitivity 
syndrome. Dismukes, W. E.*, Wade, J. S., Lee, 
J. Y., Dockery, B. K., and Hain, J. D.: N. Engl. 
J. Med. 323:1717, 1990. 


CANDIDIASIS HYPERSENSITIVITY SYNDROME, 
NYSTATIN THERAPY 


Candida albicans infection has been proposed 
to cause a chronic hypersensitivity syndrome 
characterized by fatigue, premenstrual tension, 
gastrointestinal symptoms, and depression. 
Long-term antifungal therapy has been advo- 
cated as treatment for the syndrome, which is 
most often diagnosed in women with persistent 
or recurrent Candida vaginitis. To determine the 
efficacy of nystatin therapy in presumed candi- 
diasis hypersensitivity syndrome, 42 premeno- 
pausal women who had a history of Candida 
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vaginitis were randomly assigned to one of four 
different combinations of nystatin or placebo, 
given orally or vaginally. The treatment regi- 
mens consisted of oral and vaginal nystatin, 
oral nystatin and vaginal placebo, oral placebo 
and vaginal nystatin, and oral placebo and 
vaginal placebo. Nystatin did not reduce the 
systemic symptoms significantly more than pla- 
cebo. On average, the scores for systemic symp- 
toms improved 25% with the three active-treat- 
ment regimens and 23% with the all-placebo 
regimen. As expected, the three active-treat- 
ment regimens were more effective than place- 
bo in relieving vaginal symptoms. All four 
regimens reduced psychologic symptoms and 
global indexes of distress; there were no signifi- 
cant differences among the treatment regimens. 
Thus, in women with presumed candidiasis 
hypersensitivity syndrome, nystatin does not 
reduce systemic or psychologic symptoms sig- 
nificantly more than placebo. Consequently, 
the empiric recommendation of long-term nys- 
tatin therapy appears to be unwarranted in this 
situation.—Michael A. Kass 


“Division of Infectious Diseases, Department of 
Medicine, University of Alabama Medical Center, 
Birmingham, AL 35294. 


Reduced allergen-induced nasal congestion 
and leukotriene synthesis with an orally ac- 
tive 5-lipoxygenase inhibitor. Knapp, H. R.*: 
N. Engl. J. Med. 323:1745, 1990. 


NASAL ALLERGY, LEUKOTRIENE SYNTHESIS, 
5-LIPOXYGENASE INHIBITOR 


It has been difficult to define the clinical 
importance of leukotrienes in human allergy, in 
part because there have been no selective 5- 
lipoxygenase inhibitors effective and safe for 
use in humans. Eight patients with allergic 
rhinitis underwent nasal challenge on two oc- 
casions after an oral dose of 800 mg of A-64077, 
a new 5-lipoxygenase inhibitor, or an identical- 
appearing placebo. Allergen-induced nasal 
congestion was significantly attenuated by A- 
64077. The drug inhibited synthesis of leukotri- 
ene B, and 5-hydroxyeicosatetraenoic acid in 
nasal fluids. In contrast, levels of prostaglandin 
D, and histamine were not reduced. These re- 
sults provide direct evidence of an important 
role of the 5-lipoxygenase products of arachi- 
donic acid in allergic rhinitis and support the 
notion that further experiments in this area 


may lead to new therapeutic approaches to 
allergic disorders.—Michael A. Kass 


*Division of Clinical Pharmacology, Department of 
Internal Medicine, University of lowa Hospitals and 
Clinics, lowa City, IA 52242. 


Paraneoplastic pemphigus. An autoimmune 
mucocutaneous disease associated with 
neoplasia. Anhalt, G. J.*, Kim, S. C., Stanley, 
J. R., Korman, N. J., Jabs, D. A., Kory, M., 
Izumi, H., Ratrie, H., Ill, Mutasim, D., Ariss- 
Abdo, L., and Labib, R. S.: N. Engl. J. Med. 
323:1729, 1990. 


PEMPHIGUS, NEOPLASM 


The term pemphigus refers to a group of 
mucocutaneous diseases that are characterized 
by intraepithelial blisters. The blisters are 
caused by a loss of normal cell-to-cell adhesion 
and are associated with autoantibodies against 
cell-surface proteins of stratified squamous epi- 
thelia. Five patients were examined who had 
underlying neoplasms and who developed 
painful mucosal ulcerations and polymorphous 
skin lesions. The patients eventually developed 
blistering eruptions on the trunk and extremi- 
ties. Histologic examination showed vacuoliza- 
tion of epidermal basal cells, keratinocyte ne- 
crosis, and acantholysis. Immunofluorescence 
testing disclosed atypical pemphiguslike auto- 
antibodies in perilesional epithelium and ser- 
um from all five patients. Three of the five 
patients developed vesicals and bleeding ero- 
sions of the conjunctiva. The authors proposed 
the term “paraneoplastic pemphigus” for this 
disease.—Michael A. Kass 


*Department of Dermatology, Johns Hopkins Uni- 
versity, 800 N. Wolfe St., Baltimore, MD 21205. 


Time course of thymoxamine reversal of 
phenylephrine-induced mydriasis. Wright, 
M. M., Skuta, G. L.*, Drake, M. V., Chang, 
L. F., Rabbani, R., Musch, D. C., and Teikari, 
J.: Arch. Ophthalmol. 108:1729, 1990. 


THYMOXAMINE, PHENYLEPHRINE-INDUCED 
MYDRIASIS 


We conducted a randomized, double-masked, 
paired comparison of 0.1% thymoxamine vs 


Vol. 111, No. 5 


placebo for the reversal of phenylephrine-in- 
duced mydriasis. Mydriasis was induced with 
2.5% phenylephrine in each eye of 74 subjects 
(148 eyes). Each subject then received 0.1% 
thymoxamine in one eye and placebo in the 
other eye. Pupillary measurements were ob- 
tained at regular intervals during the ensuing 8 
hours. At all intervals, a greater percentage of 
thymoxamine-treated eyes returned to baseline 
pupillary diameters compared with placebo- 
treated eyes (P = .01). For subjects in whom 
both pupils returned to baseline, thymo- 
xamine-treated eyes returned to baseline in a 
mean of 2.2 hours, vs 5.2 hours for placebo (P < 
.0001). Among thymoxamine-treated eyes, 
those with light irides responded more rapidly 
than those with dark irides, returning to base- 
line in 1.6 vs 2.8 hours, respectively (P = 
.0046). After constriction to baseline pupillary 
diameter had been achieved, no patients exper- 
ienced a rebound dilation.—Authors’ abstract 


*W. K. Kellogg Eye Center, 1000 Wall St., Ann Arbor, 
MI 48105. 


Comparison of non-mydriatic retinal photog- 
raphy with ophthalmoscopy in 2159 patients. 
Mobile retinal camera study. Taylor, R.*, 
Lovelock, L., Tunbridge, W.M. G., Alberti, 
K. G. M. M., Brackenridge, R. G., Stephenson, 
P., and Young, E.: Br. Med. J. 301:1243, 1990. 


DIABETIC RETINOPATHY, SCREENING, OCULAR 
EXAMINATION, NONMYDRIATIC RETINAL 
PHOTOGRAPHY 


Diabetic retinopathy remains a common 
cause of blindness despite the availability of 
effective treatment. Physicians should be train- 
ed so that they can identify retinopathy in its 
early stages when treatment is most effective. A 
cohort group of 2,159 adult diabetic patients 
underwent retinal photography using a non- 
mydriatic camera and then had direct ophthal- 
moscopy after pupillary dilation. Each patient 
was examined by his or her usual physician. 
Retinal photography and ophthalmoscopy 
were equally effective in detecting new vessels. 
Photography, however, was far more sensitive 
in detecting diabetic maculopathy. Eventually 
38 eyes received laser treatment for maculopa- 
thy after detection by camera screening com- 
pared with 17 eyes after ophthalmoscopic de- 
tection (P < .01). Photography underestimated 
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the numbers of microaneurysms and hemor- 
rhages, whereas ophthalmoscopy underesti- 
mated the number of hard exudates. Overall it 
appeared that nonmydriatic retinal photogra- 
phy is at least as good as ophthalmoscopy with 
mydriasis for screening patients in diabetic 
clinics. It is possible that the availability of 
feedback from photography will improve phy- 
sicians’ skills at ophthalmology.—Michael A. 
Kass 


*Division of Endocrinology, Department of Internal 
Medicine, Yale Medical School, 333 Cedar St., New 
Haven, CT 06510-8056. 


Significance of cytotoxic eye muscle antibod- 
ies in patients with thyroid-associated oph- 
thalmopathy. Hiromatsu, Y., Cadarso, L., 
Salvi, M., and Wall, J. R.*: Autoimmunity 5:205, 
1990. 


EXTRAOCULAR MUSCLE ANTIBODIES, 
THYROID-ASSOCIATED OPHTHALMOPATHY 


There is considerable evidence that thyroid- 
associated ophthalmopathy is an autoimmune 
disorder. A number of studies have detected 
antibodies against extraocular muscle antigens 
and have noted infiltration of muscle and or- 
bital connective tissue by lymphocytes and 
monocytes. The authors sought to correlate the 
clinical severity of thyroid-associated ophthal- 
mopathy with the level of extraocular muscle 
reactive antibodies as measured in an anti- 
body-dependent, cell-mediated cytotoxicity as- 
say. Positive assays were noted in 21 of 42 
patients with thyroid-associated ophthalmopa- 
thy, and in eight of 14 patients with Graves’ 
disease without evident ocular involvement but 
in none of 12 normal control subjects. There 
were positive correlations between levels of 
extraocular muscle-reactive cytotoxic antibod- 
ies and the severity of the ocular disease as 
quantified by the American Thyroid Associa- 
tion classification. There were also significant 
correlations between the levels of extraocular 
muscle-reactive cytotoxic antibodies and intra- 
ocular pressure measured in primary position 
and in downgaze but not with the degree of 
proptosis. These results suggest that cytotoxic 
antibodies as detected in an antibody-depen- 
dent, cell-mediated cytotoxicity assay may play 
a role in the extraocular muscle damage of 
thyroid-associated ophthalmopathy and that 
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measurement of the cytotoxic antibodies may 
provide a useful clinical test.—Michael A. Kass 


*Thyroid Research Unit, Montreal General Hospital 
Research Institute, 1650 Cedar Ave., Montreal, Que- 
bec, H3G 1A4, Canada. 


Detection of a human intracisternal A-type 
retroviral particle antigenically related to 
HIV. Garry, R. F.*, Fermin, C. D., Hart, D. J., 
Alexander, S.S., Donehower, L. A., Luo- 
Zhang, H.: Science 250:1127, 1990. 


SJOGREN’S SYNDROME, RETROVIRAL PARTICLE 


SjOgren’s syndrome is an autoimmune dis- 
ease that is characterized by dryness of the 
mouth and eyes. The loss of salivary and lacri- 
mal gland function is accompanied by lympho- 
cytic infiltration. Because similar symptoms 
and glandular pathology are observed in cer- 
tain persons infected with human immunodefi- 
ciency virus (HIV), a search was initiated for a 
possible retroviral etiology in this syndrome. A 
human intracisternal A-type retroviral particle 
that is antigenically related to HIV was detected 
in lymphoblastoid cells exposed to homoge- 
nates of salivary tissue from patients with 
Sjogren’s syndrome. Comparison of this retro- 
viral particle to HIV indicates that they are 
distinguishable by several ultrastructural, 
physical, and enzymatic criteria.—Authors’ ab- 
stract 
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*Department of Microbiology and Immunology, 
Tulane University Scheol of Medicine, New Orleans, 
LA 70112. 


Subretinal neovascular membranes associat- 
ed with chronic membranoproliferative glo- 
merulonephritis type ll. Leys, A.*, Michielsen, 
B., Leys, M., Vanrenterghem, Y., Missotten, L., 
and Van Damme, B.: Graefes Arch. Clin. Exp. 
Ophthalmol. 228:499 1990. 


SUBRETINAL NEOVASCJLAR MEMBRANE, 
MEMBRANOPROLIFERATIVE 
GLOMERULONEPHRITIS TYPE II 


Subretinal neovascular membranes were ob- 
served in three patients with chronic membra- 
noproliferative glomerulonephritis type II 
(dense deposit disease). The first signs of glo- 
merulonephritis occurred at respective ages of 
13, 10 and 10 years; subretinal neovascular 
membranes were notec at respective ages of 25, 
32 and 32 years. All patients had bilateral, 
widespread retinal pigment epithelial abnor- 
malities. Our findings indicate that subretinal 
neovascularization is a complication of dense 
deposit disease. In one patient, the early recog- 
nition and laser treatment of an extrafoveal 
subretinal neovascular membrane prevented 
further loss of vision.—Authors’ abstract 


“Department of Ophthalmology, K. U. Leuven, Ca- 
pucijnenvoer 33, B-3000 Leuven, Belgium. 
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Send News Items to 
American Journal of Ophthalmology 
435 N. Michigan Ave., Suite 1415 
Chicago, IL 60611 
The Journal invites readers to submit announcements 
concerning meetings, postgraduate courses, lectures, 
honors, and appointments. Each item must be typed 
double-spaced on bond paper with 11-inch margins. 
Only one news item should be submitted on each page. 
Announcements concerning meetings and courses must 
contain the title, location, dates, sponsors, and address 
required for additional information. Each item must not 
exceed 75 words in length and be prepared in narrative, 
not outline, form. Announcements of meetings and cours- 
es must be received at least four months before the event. 


International Symposium on Graves’ 
Ophthalmopathy 


An International Symposium on Graves’ 
Ophthalmopathy will be held Aug. 23 and 24, 
1991, in Amsterdam, The Netherlands. For 
more information, write Amsterdam Thyroid 
Club, c/o W. M. Wiersinga, M.D., Dept. of 
Endocrinology, F5-258, Academic Medical 
Center, Meibergdreef 9, 1105 AZ Amsterdam, 
The Netherlands. 


Canadian Implant Association: Application 
of New Technology to Clinic Practice 


The Canadian Implant Association will hold 
its 17th Annual Meeting, Application of New 
Technology to Clinic Practice, in Montreal, 
Canada, July 14 and 15, 1991. For further infor- 
mation, write Marvin Kwitko, M.D., Program 
Chairman, 5591 Cote des Neiges Rd., Ste. 1, 
Montreal, Quebec, Canada H3T 1Y8; telephone 
(514) 735-1133. 


First World Congress of Cellular and 
Molecular Biology 


The First World Congress of Cellular and 
Molecular Biology will be held in Paris and 
Versailles, Palais des Congrès, Sept. 1-7, 1991. 
For further information, write Prof. R. Weg- 
mann, Editor-in-Chief, Institut D’Histochimie 
Medicale, Universite Pierre Et Marie Curie, 7 
Quai St. Bernard, 75005 Paris, France. 


Association for Research in Vision and 
Ophthalmology 


The recipients of awards by the Association 
for Research in Vision and Ophthalmology for 
1991 are as follows: The Proctor Medal— 
Robert B. Nussenblatt, M.D., National Eye In- 
stitute, and Waldon B. Wacker, Ph.D., Universi- 
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ty of Louisville; Friedenwald Award—Richard 
F. Brubaker, M.D., Mayo Clinic; Cogan 
Award—Jay S. Pepose, M.D., Ph.D., Washing- 
ton University; Weisenfeld Award— Bradley R. 
Straatsma, M.D., Jules Stein Eye Institute. 


Baylor Ophthalmology Alumni Association: 
28th Annual Meeting 


The Baylor Ophthalmology Alumni Associa- 
tion will hold its 28th Annual Meeting in Hous- 
ton, Texas, June 6-8, 1991. For further informa- 
tion, write Diane Nolte, Program Coordinator, 
Cullen Eye Institute, 6501 Fannin, NC-200, 
Houston, TX 77030; telephone (713) 798-6443. 


Humana Hospital Audubon: Eighth Annual 
Ophthalmology Seminar 


The Humana Hospital Audubon will sponsor 
its Eighth Annual Ophthalmology Seminar, La- 
sers and Beyond, Sept. 14, 1991, in Louisville, 
Kentucky. For further information, write Nor- 
man D. Radtke, M.D., 240 Audubon Medical 
Plaza, Louisville, KY 40217; telephone (502) 


636-2823. 


Manhattan Eye, Ear & Throat Hospital: 
Masters of Cataract Surgery 


The Department of Ophthalmology at the 
Manhattan Eye, Ear & Throat Hospital will hold 
the Masters of Cataract Surgery, June 7 and 8, 
1991, in New York City. For further informa- 
tion, write Kimberly Corbin, Course Coordina- 
tor, Dept. of Ophthalmology, Manhattan Eye, 
Ear & Throat Hospital, 210 E. 64th St., New 
York, NY 10021; telephone (212) 605-3761; fax 
(212) 753-7699. 


Medical College of Wisconsin: Current 
Concepts in Ophthalmology 


The Eye Institute of the Medical College of 
Wisconsin will hold its annual Fall Symposium, 
Current Concepts in Ophthalmology, Nov. 8 
and 9, 1991. For further information, write 
Tammy Conant, The Eye Institute, 8700 W. 
Wisconsin Ave., Milwaukee, WI 53226; tele- 
phone (414) 257-5102. 


Phillips Eye Institute Center for Teaching & 
Research: Penetrating Keratoplasty/Eye 
Banking 


The Phillips Eye Institute Center for Teaching 
& Research is sponsoring Penetrating Kerato- 
plasty/Eye Banking, a surgical skills-transfer 
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workshop, July 15, 1991. For more information, 
write Mary Strazz, Phillips Eye Institute, 2215 
Park Ave., Minneapolis, MN 55404; telephone 
(612) 336-5650. 


San Diego Fluorescein and Laser Workshop 


Alcon Surgical, Inc., will sponsor The San 
Diego Fluorescein and Laser Workshop for 
General Ophthalmologists July 12 and 13, 
1991, in San Diego, California. For further 
information, write Tara Wilson, 12630 Monte 
Vista Rd., Ste. 104, Poway, CA 92064; tele- 
phone (619) 451-1911. 


Stanford University: Basic Science Course 


Stanford University’s Department of Oph- 
thalmology will offer a Basic Science Course, 
July 1-Aug. 29, 1991. For further information, 
write Peter R. Egbert, M.D., Dept. of Ophthal- 
mology, A-157; Stanford Medical Center, Stan- 
ford, CA 94305-5308; telephone Susan Marsh 
(415) 725-7269. 


University of Illinois at Chicago Eye Center: 
Contact Lens Course 


The University of Illinois at Chicago Eye 
Center is sponsoring a contact lens course: 
Basic and Advanced Topics, June 21 and 22, 
1991, at the University of Illinois Hospital Eye 
and Ear Infirmary in Chicago. For more infor- 
mation, write Sue Talbert, Sr. Program Coordi- 
nator, University of Illinois at Chicago, 912 S. 
Wood St., 2nd Fl., Chicago, IL 60612; telephone 
(312) 996-5225; fax (312) 996-5227. 


Personal 





David A. Hiles 


David A. Hiles, M.D., has recently accepted a 
full-time position as director of Pediatric Oph- 
thalmology Services at Children’s Hospital of 
Pittsburgh and chief of the Division of Pediatric 
Ophthalmology at the University of Pittsburgh 
School of Medicine. 
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Acute Multifocal Inner Retinitis 


= paana m manman a irern ENAN ANY 


Robert E. Foster, M.D., Froncie A. Gutman, M.D., Sanford M. Meyers, M.D., 
and Careen Y. Lowder, M.D. 


Two patients developed acute changes in 
vision two to four weeks after a febrile illness. 
On ophthalmic examination, each patient had 
bilateral vitreitis without anterior segment 
inflammation and multiple, bilateral, round, 
yellow-white inner retinal lesions that were 
located in the posterior pole and midpe- 
riphery. Laboratory tests did not contribute 
to a diagnosis. Symptomatic visual loss was 
caused by neuroretinitis and serous retinal 
detachment in one patient and by an occluded 
branch retinal artery in the other. The multi- 
focal retinal lesions resolved gradually with- 
out treatment over several months with mini- 
mal or no residual retinal changes. Acute 
multifocal inner retinal lesions may be associ- 
ated with a preceding nonspecific viral illness 
and may cause a sudden change in vision if 
associated with neuroretinitis, serous retinal 
detachment, or retinal vessel occlusion. We 
have termed this constellation of ophthalmic 
findings acute multifocal inner retinitis. 


Numerous investigators have described mul- 
tifocal inflammatory processes involving the 
retina and choroid. Several of these disorders 
have been associated with a preceding nonspe- 
cific febrile illness, which has led some authors 
to postulate infection as a cause. We studied the 
clinical and angiographic characteristics of two 
patients with acute change in vision and bilat- 
eral, multifocal inner retinal lesions. Visual 
symptoms were related to neuroretinitis and 
serous retinal detachment of the macula in one 
patient and an occluded branch retinal artery in 
the other. Both patients had had a recent febrile 


Accepted for publication Feb. 21, 1991. 

From the Department of Ophthalmology, Cleveland 
Clinic Foundation, Cleveland, Ohio. This study was 
presented in part at the annual meeting of the Retina 
Society, Key Largo, Florida, Oct. 5, 1990. 

Reprint requests to Froncie A. Gutman, M.D., Depart- 
ment of Ophthalmology A31, Cleveland Clinic Founda- 
tion, One Clinic Center, 9500 Euclid Ave., Cleveland, 
OH 44195-5024. 


illness. In each case, the multifocal retinal le- o. 
sions resolved gradually without treatment, al- — 


though a few of the more severe lesions result- 
ed in a mild focal retinal pigment epithelial 
disturbance or a small chorioretinal scar. Al- 
though an infectious source was considered, 
laboratory testing did not identify a specific 
cause. 





Case Reports 





Case 1 

A 15-year-old girl had decreased vision in her 
left eye. Four weeks previously, she had had a 
fever of 38.8 C with mild, bilateral retro-orbital 
headaches. Six days before the examination, 
she developed a scotoma in the central vision in 
her left eye. Her medical history showed tonsil- 
litis and varicella as a child. She was not taking 
any medications. A physical examination iden- 
tified a 0.5-cm posterior cervical lymph node 
and no skin rash. Initial ophthalmic examina- 
tion disclosed visual acuity of R.E.: 20/20 and 
L.E.: 20/200. There was a left relative afferent 
pupillary defect. Goldmann visual field testing 
showed a relatively dense superior centrocecal 
scotoma in the left eye. Slit-lamp biomicrosco- 
py disclosed a moderate, bilateral, posterior 
vitreous cellular reaction without anterior seg- 
ment inflammation. Ophthalmoscopy in the 
left eye disclosed a swollen, hyperemic disk 
with a white lesion along its inferotemporal 
border, dilated and tortuous branch retinal 
veins, and a serous retinal detachment extend- 
ing from the disk to the macula (Fig. 1). 

The disk and vessels of the right eye appeared 
normal. There were multiple, bilateral (five 
right eye, eight left eye) inner retinal lesions, 
which were small (100 to 200 pm), yellow- 
white, round, and distributed in the posterior 


pole and midperipheral retina (Figs. 1 and 2). B 5 


The stereoscopic fluorescein angiogram dis- 


closed moderate leakage from the disk in the x ‘ 
left eye that was most intense at the inferotem- 


poral pole and minimal leakage into the adja- 
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Fig. 1 (Foster and associates). Case 1, left eye. Top left, Disk edema and hyperemia and serous retinal 
detachment involving the macula with inner retinal lesions temporal to fovea (white arrow) and at inferotempor- 
al disk border (black arrow). Top right, Three inner retinal lesions superior to disk (arrows). Bottom left, 
Early-phase fluorescein angiogram showing leakage from inferotemporal disk, corresponding to white lesion. 
Note relative central hypofluorescence with hyperfluorescent border that corresponds to inner retinal lesions 
(arrows). Bottom right, Late-phase angiogram demonstrating central hypofluorescence and hyperfluorescent rim 
corresponding to retinal lesion (arrow). 


cent serous retinal detachment (Fig. 1). At the 
site of the inner retinal lesions there was a 
subtle central hypofluorescence with a faint 
hyperfluorescent rim in the early phases of the 
angiogram (Fig. 1). Late phases demonstrated 
increased marginal hyperflucrescence and ir- 
regular central hypofluorescence (Figs. 1 and 


2). Clinical examination with a Goldmann con- 
tact lens confirmed the inner retinal location of 
the white retinal lesions. 

The initial diagnosis was neuroretinitis of the 
left eye and bilateral multifocal retinitis of 
probable infectious origin. Ten days later, visu- 
al acuity in the left eye improved to 20/80. 
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Fig. 2 (Foster and associates). Case 1, right eye. Top left, Four inner retinal lesions. Top right, Late-phase 
angiogram demonstrating irregular central hypofluorescence and hyperfluorescent rim corresponding to retinal 
lesions. Bottom left, Enlarged view of three inner retinal lesions superotemporal to disk. Bottom right, 
Twenty-three months later, an enlarged view of a small chorioretinal scar corresponding to the previous more 


intense superior retinal lesion shown at bottom left. 


Examination disclosed decreased disk edema, 
partial resolution of the serous retinal detach- 
ment, and formation of a macular star exudate. 
Over the subsequent three weeks visual acuity 
improved in the left eye to 20/30, and the white 
inner retinal lesions resolved gradually. A focal 
retinal pigment epithelial disturbance devel- 
oped at the site of the more severe lesions. 


Initial laboratory findings included a normal 
chest x-ray and complete blood cell count, a 
nonreactive rapid plasma reagin, and normal or 
negative titers for toxoplasmosis, Epstein-Barr 
virus, cytomegalovirus, Lyme disease, histo- 
plasmosis, blastomycosis, coccidioidomycosis, 
and aspergillosis. Westergren sedimentation 
rate was normal, but antinuclear antibody test- 











ing was borderline positive at a 1:40 titer in a 
nucleolar pattern. Anti-DNA testing was nega- 
tive. Although total hemolytic complement 
levels were normal, Clq-binding assay was bor- 
derline increased. A purified, protein-deriva- 
tive tuberculin skin test was nonreactive, but 
Candida skin testing was reactive. 

At a follow-up examination 23 months later, 
the patient had no visual complaints, visual 
acuity of 20/15 in both eyes, and a few small, 
faint chorioretinal scars that corresponded to 
some of the previous white lesions (Fig. 2) as 
well as a subtle macular retinal pigment epithe- 
lial disturbance in the left eye. Repeat antinu- 
clear antibody and complement function tests 
were normal two years after the initial occur- 
rence, 


Case 2 

A 37-year-old woman had sudden loss of 
vision in the right eye three days before exami- 
nation. Two weeks before, she had developed a 
fever of 39.0 C with chills and general fatigue 
that resolved gradually in seven days without 
treatment. Her ocular and medical history 
showed varicella as a child. Initial ocular exam- 
ination disclosed visual acuity of 20/20 in both 
eyes, a trace right relative afferent pupillary 
defect, and a dense centrocecal scotoma in the 
right eye on Goldmann visual field testing. 
Slit-lamp biomicroscopy disclosed a moderate 
bilateral posterior vitreous cellular reaction 
without anterior segment inflammation. 

Ophthalmoscopy of the right eye showed a 
normal disk with a thin inferotemporal arteri- 
ole and an area of pale retina underlying this 
vessel, which measured approximately 2 x 1.5 
disk diameters (Fig. 3). The disk and vessels 
appeared normal in the left eye. There were 
multiple, bilateral (three right eye, 11 left eye) 
inner retinal lesions, which were small (100 to 
200 pm), yellow-white, round, and distributed 
in the posterior pole and midperipheral retina 
(Figs. 3 and 4). The stereoscopic fluorescein 
angiograms demonstrated an early blocking de- 
fect and delayed filling of vessels in the infero- 
temporal aspect of the papillomacular bundle 
in the right eye with faint, focal late hyperfluo- 
rescence along its nasal aspect, consistent with 
an occluded branch of the retinal artery (Fig. 3). 
The multiple white lesions seen during oph- 
thalmoscopy were characterized by a central 
hypofluorescence with a faint hyperfluorescent 
rim during early phases of the angiogram (Fig. 
3) and irregular central hypofluorescence with 
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a hyperfluorescent rim in the late phases of the 
angiogram (Figs. 3 and 4). Examination with a 
Goldmann contact lens confirmed the inner 
retinal location of these lesions. 

The initial diagnosis was an occluded branch 
of the retinal artery of the right eye and bilater- 
al, multifocal retinitis of unknown, although 
possible infectious cause. During the next four 
months, the white retinal lesions resolved 
gradually. Only a few of the more severe retinal 
lesions developed a focal retinal pigment epi- 
thelial disturbance (Figs. 3 and 4). 

Initial laboratory findings included a normal 
chest x-ray and complete blood cell count, a 
nonreactive rapid plasma reagin, and normal or 
negative titers for Lyme disease, toxoplasmosis, 
histoplasmosis, blastomycosis, coccidioidomy- 
cosis, and aspergillosis. Varicella~-zoster and 
Epstein-Barr virus titers were consistent with 
previous exposures. Herpes simplex IgM titers 
were borderline positive, although three IgG 
titers were negative over the next three months. 
Convalescent herpes simplex IgM titers were 
negative. Sedimentation rate, antinuclear anti- 
body, and complement studies were normal. 


Discussion 


Acute multifocal inner retinitis involves pri- 
marily the inner retinal layers without initially 
affecting the deep retina or retinal pigment 
epithelium. The location and appearance, as 
well as the associated vitreitis and subsequent 
retinal pigment epithelial disturbance or cho- 
rioretinal scarring, differentiate acute multifo- 
cal inner retinitis from cotton-wool spots. It is 
unlikely that these inner retinal opacities were 
secondary to a multifocal choroidal process 
because several lesions progressed from an in- 
ner retinal location to a subtle retinal pigment 
epithelial disturbance or, in some instances, to 
a faint chorioretinal scar. Thus, the outer reti- 
na, retinal pigment epithelium, and choroid 
may become involved secondarily as the more 
intense lesions resolve. 

Both cases of acute multifocal inner retinitis 
share other features. Each patient had a nonspe- 
cific prodrome of fever, chills, headaches, and 
general malaise and fatigue two to four weeks 
before the onset of the visual disturbance. An 
acute change in vision one to six days before 
examination had prompted the request for med- 
ical attention. Ophthalmic examination found 
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Fig. 3 (Foster and associates). Case 2, right eye. Top left, Focal area of retinal edema, secondary to an occluded 
branch of the retinal artery, which extends inferotemporally from the disk with an inner retinal lesion at the 
superonasal border of the retinal edema (black arrow). The retinal lesion overlies a small branch retinal artery. 
Two additional inner retinal lesions are also seen (white arrows). Top right, Nine weeks later the retinal edema 
has resolved, as has most of the overlying white inner retinal lesion inferotemporal to the disk. Bottom left, Early 
venous-phase fluorescein angiogram at initial manifestation showing central hypofluorescence (lower arrow) 
and irregular hyperfluorescent rim (upper arrow) corresponding to inner retinal lesions as well as blocking from 
the retinal edema secondary to the branch retinal artery occlusion. Bottom right, Late-phase angiogram showing 
leakage from retinal vessels and inner retinal lesion inferotemporally to the disk and marginal hyperfluores- 
cence and central hypofluorescence above the superotemporal arcade corresponding to a small inner retinal 
lesion. 
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Fig. 4 (Foster and associates). Case 2, left eye. Top left, Multiple inner retinal lesions randomly distributed in 
posterior pole. Top right, Enlarged view of parafoveal inner retinal lesion. Note the loss of underlying vessel 
detail. Bottom left, Late-phase fluorescein angiogram showing focal hyperfluorescence corresponding to inner 
retinal lesions. Bottom right, Nine weeks after the initial occurrence a few faint chorioretinal scars correspond to 
sites of previous inflammation. Note that some of the opacities have resolved without visible sequelae. 


mild vitreitis without anterior segment inflam- 
mation and multiple, bilateral lesions, which 
were small (100 to 200 pm), yellow-white, 
round, and confined to the inner retinal layers 
in the posterior pole and midperipheral retina. 
On the fluorescein angiogram, the inner retinal 


lesions demonstrated early central hypofluo- 
rescence with a faint hyperfluorescent rim. Late 
phases showed irregular central hypofluores- 
cence and increased marginal hyperfluores- 
cence. Clinical examination with a Goldmann 
contact lens confirmed the inner retinal loca- 
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tion of these multifocal retinal opacities. Nei- 
ther patient had additional findings on general 
physical examination or significantly abnormal 
laboratory results. 

The differential diagnosis of acute multifocal 
inner retinitis includes a number of conditions, 
some of which are associated with infection. 
Retinal infiltrates after a viral syndrome were 
described by Goldstein and Pavan! in 1985. In 
ten eyes of six patients, they observed multifo- 
cal, predominantly deep, white retinal infil- 
trates distributed in the posterior pole and 
peripheral retina with minimal or no associated 
vitreitis.’ Two patients had superficial and deep 
retinal lesions. Both patients lost some visual 
acuity because of disk edema, macular 
edema, or both. The authors did not attribute 
the decreased visual acuity to superficial retinal 
lesions. Two patients lost moderate degrees of 
visual acuity, one attributed to a parafoveal 
deep retinal lesion and the other to cystoid 
macular edema. As with our two patients, the 
more intense or deeper lesions developed varia- 
ble amounts of retinal pigment epithelial dis- 
turbance and chorioretinal scarring. Fluoresce- 
in angiograms in one case disclosed early 
blocking and late staining of a retinal lesion. 

Several authors have described bilateral, 
multifocal retinitis or chorioretinitis associated 
with Leber’s idiopathic stellate neuroretinitis,”“ 
which is commonly preceded by a self-limited 
upper respiratory or gastrointestinal illness. 
Most of these lesions were described as small 
(300 to 400 pm), round, white, and deep retinal 
in location. Inner retinal or superficial lesions 
have also been reported.’ In most cases, fluores- 
cein angiograms have shown focal late-phase 
hyperfluorescence corresponding to the retinal 
lesions, and several lesions have progressed to 
small chorioretinal scars or retinal pigment 
epithelial disturbances. 

Multifocal retinitis with vitreitis associated 
with Epstein-Barr virus has been described, 
although the lesions were confined to the outer 
retina and retinal pigment epithelium.’ These 
lesions were significantly smaller (20 to 75 um) 
than the lesions in acute multifocal inner retini- 
tis and had an indistinct border with associated 
retinal pigment epithelial clumping and depig- 
mentation. Fluorescein angiograms typically 
show early and late hyperfluorescence. 

The multifocal choroiditis and panuveitis as- 
sociated with Epstein-Barr virus can result in 
complications, such as subretinal fibrosis, disci- 


form scarring, and choroidal neovascular mem- 
branes. In our cases, the Epstein-Barr virus 
titer was negative in the first patient and consis- 
tent with past exposure in the other, whereas 
the serologic findings during the acute phase 
were consistently positive in the previously 
reported cases.** 

Herpes simplex virus has also been associat- 
ed with multifocal chorioretinitis involving the 
outer retina, retinal pigment epithelium, and 
choroid, with a mild anterior uveitis.’ 

Toxoplasmosis characteristically involves the 
inner retinal layer and can assume any of three 
morphologic configurations, including a punc- 
tate inner or outer retinitis.’ Both of our pa- 
tients had negative toxoplasmosis titers and no 
chorioretinal scarring typical of previous toxo- 
plasmosis chorioretinitis, although others have 
described multifocal toxoplasmic chorioretini- 
tis without typical inactive scars.*° 

A mild type of the acute retinal necrosis 
syndrome has been described with multifocal, 
midperipheral pale-yellow retinal lesions asso- 
ciated with vitreitis and anterior uveitis.’ The 
slowly progressive course and confluent spread 
of these lesions, subsequent chorioretinal de- 
generation, and anterior segment inflammation 
differentiate this syndrome from acute multifo- 
cal inner retinitis. 

Multiple evanescent white-dot syndrome, 
described in 1984 by Jampol and associates," is 
characterized by acute unilateral loss of vision 
and ophthalmoscopic findings of small (100 to 
200 pm) white dots at the level of the retinal 
pigment epithelium or outer retina associated 
with vitreitis in young patients. Approximately 
half of the patients with this syndrome have 
had a preceding febrile illness. Additional 
findings in the white-dot syndrome include a 
characteristic fine macular granularity, retinal 
vascular sheathing, and a typically benign clini- 
cal course with regression of the lesions over a 
period of weeks. More recently, recurrent and 
bilateral cases” and complications such as sub- 
retinal neovascularization® and possible optic 
nerve involvement” have been described. This 
syndrome differs from acute multifocal inner 
retinitis; the white-dot syndrome is usually 
unilateral, and the lesions involve the outer 
retina and retinal pigment epithelium. 

Presumed ocular histoplasmosis,” multifocal 
choroiditis and panuveitis,® punctate inner 
choroidopathy,”” acute posterior multifocal 
placoid pigment epitheliopathy," acute retinal 
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pigment epitheliitis,”’ birdshot retinochoroid- 
opathy,” recurrent multifocal choroiditis,”” and 
acute macular neuroretinopathy,” although 
multifocal, do not resemble acute multifocal 
inner retinitis on the basis of location and 
appearance of the lesions, disease course, or 
associated complications. 

The cause of most of these multifocal retinal, 
choroidal, or chorioretinal processes is pre- 
sumed or unknown. Therefore, it becomes use- 
ful to classify them on the basis of their anatom- 
ic location and appearance, associated ocular 
findings, and the clinical course and complica- 
tions. This descriptive classification is not with- 
out problems, however, because the causes are 
often unknown, the symptoms and signs over- 
lap, and the complications and clinical out- 
comes vary. 

Several authors have associated a self-limited 
antecedent illness with multifocal retinal le- 
sions and have speculated that hematogenous 
spread could result in such a distribution.'“ The 
mechanism of multifocal inner retinitis is un- 
clear, although there is probably a spectrum of 
retinal and choroidal responses to infectious 
agents. For example, it is possible that acute 
multifocal inner retinitis and multiple evanes- 
cent white-dot syndrome are similar postinfec- 
tious processes. Clinically, acute multifocal in- 
ner retinitis involves the inner retina; multiple 
evanescent white-dot syndrome involves the 
retinal pigment epithelium and outer retina. 
The different lesion location may reflect which 
circulation, retinal or choroidal, is involved 
predominantly. 

Viral inclusions in vascular endothelial cells”? 
and autoantibodies to vascular endothelial cell 
antigens” have been found, and a virus, viral 
antigen, or postinfectious antigen-antibody 
complex could have been deposited in either 
the retinal or choroidal vascular endothelium, 
contributing to either an inner retinal lesion, 
retinal pigment epithelial lesion, or a choroidal 
lesion. 

The incidence of multifocal retinal and cho- 
roidal lesions after an illness, including acute 
multifocal inner retinitis, may be higher than 
expected, because most of the patients likely 
have no ocular symptoms. Additionally, com- 
plications such as neuroretinitis, serous retinal 
detachment, or a vascular occlusion are proba- 
bly the exception to the natural course of this 
disorder. Ultimately, defining the epidemiolog- 
ic characteristics of acute multifocal inner reti- 


nitis and other postinfectious multifocal retinal 
and choroidal processes requires a large pro- 
spective study involving patients with recent 
nonspecific febrile or viral illnesses. 
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OPHTHALMIC MINIATURE 

In memory of this accident, Lycurgus built a temple to Minerva, sur- 
named Optilétis; optilus being the Doric of these parts for ophthalmus, the 
eye. Some authors, however, of whom Dioscorides is one (who wrote a 
treatise on the commonwealth of Sparta), say that he was wounded, indeed, 
but did not lose his eye with the blow; and that he built the temple in 
gratitude for the cure. Be this as it will, certain it is, that, after this 
misadventure, the Lacedamonians made it a rule never to carry so much as 


a staff into their public assemblies. 


Plutarch, The Lives of the Noble Grecians and Romans 
Chicago, Encyclopaedia Britannica, 1952, p. 37 





Unilateral Frosted Branch Anglitis 
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Lee M. Jampol, M.D., and J. William Doyle, M.D. 


We examined two patients with monocular 
frosted branch angiitis. The patients were 
young and healthy; they rapidly developed 
severe visual loss with thick, white sheathing 
of the retinal veins and responded promptly to 
systemic corticosteroids. The fluorescein an- 
giograms showed late leakage from the retinal 
veins, without evidence of stasis or occlusion. 
Frosted branch angiitis can be either a unilat- 
eral or a bilateral condition. We believe the 
potential for visual loss and the prompt re- 
sponse to systemic corticosteroids make early, 
accurate diagnosis and institution of therapy 
desirable. 


In 1976, Ito and associates’ described a 6-year- 
old boy who had sudden bilateral visual loss 
and unusual thick sheathing of the retinal ves- 
sels. They called this condition frosted branch 
angiitis. Since then, eight similar cases have 
been reported,’ all of which have been bilater- 
al. We treated two patients with unilateral 
frosted branch angiitis. 





Case Reports 





Case 1 

A 32-year-old man had acute visual loss in 
the right eye on Dec. 16, 1988. His ocular 
history was unremarkable. He had been admit- 
ted to the hospital five weeks previously for a 
presumed severe viral syndrome. At the time of 
his illness, he had fever and a transiently in- 
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creased white blood cell count to 20,000 cells/ 
mm? with 80% polymorphonuclear leukocytes. 
Laboratory evaluation included an erythrocyte 
sedimentation rate of 30 mm/hr, a hemoglobin 
level of 15.8 g/dl, a hematocrit level of 44.8%, 
and normal results of sequential multiple ana- 
lyzer-20, prothrombin time, partial thrombo- 
plastin time, urinalysis, and complement lev- 
els. Additionally, he had negative test results 
for antinuclear antibody, rheumatoid factor, 
blood cultures, chest x-ray, sinus films, comput- 
ed tomography of the abdomen, and gallium 
scan. The patient had an increased C-reactive 
protein, an Epstein-Barr virus IgG titer of 
1:320, and a negative Epstein-Barr virus IgM 
titer. The symptoms and leukocytosis improved 
spontaneously. Four weeks later he developed 
acute visual loss in his right eye. 

Ocular examination one day after onset of his 
visual loss disclosed best-corrected visual acu- 
ity of R.E.: counting fingers and L.E.: 20/20. 
External examination disclosed a moderate af- 
ferent pupillary defect in the right eye. Biomi- 
croscopy of the anterior segment of the right 
eye showed a quiet anterior chamber and mild 
vitreous cells. Ophthalmoscopy of the right eye 
showed extensive thick, white, confluent 
sheathing of the retinal veins, blurring of the 
disk margins, extensive intraretinal and preret- 
inal hemorrhage, and a serous macular detach- 
ment (Fig. 1). The left eye showed no abnormal- 
ities. Fluorescein angiography of the right eye 
demonstrated leakage of dye from the veins. 
There was no evidence of vascular occlusion 
(Fig. 2). Laboratory values for complete blood 
cell count, antinuclear antibody, rheumatoid 
factor, human immunodeficiency virus, se- 
quential multiple analyzer-20, and fluorescent 
treponemal antibody absorption test were nor- 
mal. Viral and Toxoplasma titers were negative, 
except for an Epstein-Barr virus IgG titer of 
1:512, compared to an Epstein-Barr virus IgG 
titer of 1:320 on Nov. 8, 1988. Epstein-Barr 
virus IgM titers were negative. 

The patient was given 80 mg of prednisone 
daily, and within two weeks visual acuity had 
improved to 20/200, and the marked sheathing 
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Fig. 1 (Sugin and associates), Case 1. Right eye 
with extensive venous sheathing, hemorrhage, and a 
serous macular detachment. 


of the vessel walls had almost disappeared. 
Within two months visual acuity had returned 
to 20/20—. The prednisone was gradually ta- 
pered, and the phlebitis has not recurred. 


Case 2 

A 26-year-old man had a five-day history of 
gradually decreasing vision in his right eye on 
May 26, 1989. The patient's medical and ocular 
history were unremarkable. Before this exami- 
nation, he had been treated by his local physi- 
cian with hydrocortisone acetate for a pre- 
sumed viral conjunctivitis. 

Examination disclosed best-corrected visual 
acuity of R.E.: counting fingers and L.E.: 20/20. 
The right eye showed conjunctival chemosis 
with minimal injection. Biomicroscopy of the 
right eye disclosed mild cell and moderate flare 
in the anterior chamber and moderate cells in 
the vitreous. The lens was clear. Results of 
slit-lamp examination of the left eye were nor- 
mal. Ophthalmoscopy of the right eye showed 
disk swelling and enlarged tortuous veins with 
dense perivenous sheathing. Intraretinal hem- 
orrhages were scattered throughout the posteri- 
or pole. The macula had an exudative detach- 
ment (Fig. 3). The left fundus was normal. 

Laboratory studies disclosed an erythrocyte 
sedimentation rate of 4 mm/hr. The white 
blood cell count was 7,400 cells/mm’ with a 
normal differential. Results of liver function 
tests were normal, with the exception of a 
mildly increased serum glutamic pyruvic trans- 
aminase level of 52 IU/1 (normal, 0 to 40 IU /1). 
Tests for HIV, hepatitis A and B, rheumatoid 
factor, antinuclear antibody, and VDRL were 
nonreactive. Results of a Lyme titer were nega- 





Fig. 2 (Sugin and associates). Case 1. Fluorescein 
angiogram of the right eye demonstrating late leak- 
age from the veins. 


tive, and the patient had a normal chest x-ray. 
Fluorescein angiography disclosed diffuse leak- 
age of dye from the veins without any impair- 
ment of flow (Fig. 4). 

The patient was given 80 mg of oral predni- 
sone daily. He also received topical predniso- 
lone acetate and atropine 1% twice daily to the 
right eye. Over the next month, visual acuity 
gradually improved to 20/80. Ophthalmoscopy 
at that time showed a marked improvement in 
the perivascular sheathing and resolution of the 
macular detachment. Star-shaped macular exu- 
dates with a small area of scarring in the macula 
accounted for the decreased visual acuity. The 
oral corticosteroids were tapered, and the con- 
dition has not recurred. 


Discussion 


mratani aannaaien ay apagan anakaa mia met nsre ee eTTeT TAR EY SEVERN BR aeRO aaa 


Frosted branch angiitis manifests with acute 
visual loss in an otherwise healthy patient. The 
fundus findings are dramatic and characterized 
by severe white sheathing of the retinal veins. 
A variable amount of anterior chamber and 
vitreous inflammation also occurs. Fluorescein 
angiography demonstrates leakage of dye from 
the veins but no evidence of stasis or occlusion. 
The clinical findings respond dramatically to 
systemic corticosteroids, and no recurrences 
have been reported in the previously described 
patients. 

Our two patients are similar to the previously 
reported cases of frosted branch angiitis; they 
had rapid onset of visual loss, severe sheathing 
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Fig. 3 (Sugin and associates). Case 2. Right eye 
with disk swelling and dense perivenous sheathing. 


of the retinal veins, prompt response to system- 
ic corticosteroids, and no recurrences. The fluo- 
rescein angiograms showed late leakage from 
the retinal veins with no evidence of stasis or 
occlusion. Additionally, both of our patients 
developed optic disk swelling and serous macu- 
lar detachments, which have been previously 
described in this disease.* The macular scar that 
accounted for our second patient’s final visual 
acuity of 20/80 is also similar to previously 
described patients.® 

Although early articles described frosted 
branch angiitis as a type of vasculitis affecting 
both arteries and veins,'* more precise descrip- 
tions of this condition have led to the conclu- 
sion that frosted branch angiitis is a severe 
periphlebitis.** Retinal periphlebitis may be 
seen with many other ocular and systemic in- 
flammatory diseases, including sarcoidosis,’ 
syphilis,’ tuberculosis,” multiple sclerosis,” 
HIV infection,” and acquired diseases of con- 
nective tissue.’ Neither of our patients had any 
clinical or laboratory findings to support these 
diagnoses. 

The cause of frosted branch angiitis remains 
unknown. Viral diseases, particularly those 
caused by the herpesvirus, have been associat- 
ed with prominent retinal vasculitis, usually 
with concurrent retinitis. ^" One patient (Case 
1) had isolated increased IgG titers to Epstein- 
Barr virus, and some of the previously de- 
scribed patients have had positive viral titers to 








Fig. 4 (Sugin and associates). Case 2. Fluorescein 
angiogram of the right eye with diffuse leakage of 
dye from the veins without any impairment of flow. 


both herpes simplex and herpes zoster.’ A viral 
trigger for this condition is suggested by the 
clinical setting, the acute onset of the disease, 
and the variable preceding flulike illness. The 
clinical findings of frosted branch angiitis may 
not represent a direct viral infection of the 
retinal veins but may be secondary to an im- 
mune-mediated process. Immune complex de- 
position in the vessels might explain the strik- 
ing clinical course. The dramatic response to 
corticosteroids supports this hypothesis. 

The findings in our patients demonstrate that 
frosted branch angiitis may occur unilaterally 
as well as bilaterally. Although the natural 
progression of the disease without corticoste- 
roids is not well delineated, the possibility for 
permanent loss of visual acuity secondary to 
macular scarring exists. Therefore, we believe 
the dramatic and apparently permanent resolu- 
tion of the vasculitis after instituting systemic 
corticosteroids makes early, accurate diagnosis 
and institution of corticosteroids imperative. 
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An In Vitro Study of the Potency and Stability of Fortified 
Ophthalmic Antibiotic Preparations 





Brian E. Bowe, M.D., James W. Snyder, Ph.D., and Richard A. Eiferman, M.D. 


We studied the potency of fortified ophthal- 
mic antibiotic preparations of cefazolin sodi- 
um (50 mg/ml) and tobramycin sulfate (15 
mg/ml), as measured by the minimum inhibi- 
tory concentration, against Streptococcus 
pneumoniae and Pseudomonas aeruginosa, re- 
spectively. We also examined absorbance 
spectra, pH, and the effect of storage tempera- 
ture on these fortified solutions to determine 
their stability over a four-week period. 
Cefazolin and tobramycin maintained a con- 
stant potency throughout the experiment. 
There was no difference in petency if the 
fortified solutions were stored at 4 C or 24 C. 
Cefazolin stored at 24 C exhibited changes in 
both its absorbance spectra and pH after seven 
days. Cefazolin stored at 4 C and tobramycin 
stored at 24 C and 4 C remained stable 
throughout the four-week period. 


Fortiriep prepARATIONS of ophthalmic antibi- 
otics are often prescribed for the treatment of 
severe ocular infectious disease. These medica- 
tions are usually prepared by combining stan- 
dard parenteral or lyophilized antibiotic prepa- 
rations with compatible vehicles that will not 
precipitate out the antibiotic at fortified con- 
centrations.! Previously published work on old- 
er antibiotics has shown fortified solutions to 
be stable up to seven days.” With newer antibi- 
otics, no data exist for fortified ophthalmic 
solutions, and their stability must be extrapo- 
lated from data on parenteral preparations or 
by comparison with similar antibiotics that 
have been previously studied.*’ Our experience 
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with data from parenteral preparations is that 
they be discarded one week after preparation. 
Since considerable time and expense are in- 
volved in formulating these drugs, we tested 
two commonly used antibiotics, cefazolin sodi- 
um and tobramycin sulfate, for this study. We 
examined the potency of these fortified solu- 
tions by measuring the minimum inhibitory 
concentration against common ophthalmic 
pathogens over a four-week period. We also 
tested the effect of storage temperature on po- 
tency and the stability of these solutions as 
measured by pH and absorbance spectra. 





Material and Methods 





A stock solution of cefazolin sodium was 
prepared by reconstituting the lyophilized 
powder with a methylcellulose artificial tear 
vehicle to a concentration of 50 mg/ml. 

A stock solution of tobramycin sulfate was 
prepared by diluting a vial of the drug for 
intravenous use (40 mg/ml) with the methyl- 
cellulose artificial tear vehicle to a concentra- 
tion of 15 mg/ml. 

Each stock solution was divided in half and 
placed into standard ophthalmic dispensing 
bottles. One set of solutions was stored at room 
temperature (24 C) and the other set was refrig- 
erated (4 C) for the duration of the experiment. 
All antibiotic solutions were stored in the dark. 

Standard quality control reference strains of 
Streptococcus pneumoniae and Pseudomonas ae- 
ruginosa with known sensitivity to cefazolin 
and tobramycin, respectively, were chosen for 
the study. The bacteria were transferred daily 
to ensure purity and good growth. 

On each test day, a bacterial suspension equal 
to the 0.5 McFarland turbidity standard was 
prepared in Mueller-Hinton broth. All antibiot- 
ic solutions were further diluted to a concentra- 
tion of 1.0 mg/ml before serial dilutions with 
Mueller-Hinton broth were performed. For 
each dilution tube, 1.0 ml each of the bacterial 
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suspension and the antimicrobial agent were 
incubated together at 35 C in an aerobic envi- 
ronment for 24 hours. 

The minimum inhibitory concentration is de- 
fined as the lowest concentration of antibiotic 
that yields no growth in the Mueller-Hinton 
broth. 

An aliquot was taken from each stock solu- 
tion and the pH measured with a laboratory 
micro pH meter. 

Aliquots from the stock solutions were 
scanned with a spectrophotometer. All solu- 
tions were diluted with distilled water to give 
an absorbance reading less than 1.00. Absor- 
bance was measured by using prominent peaks 
at 269 nm for tobramycin and at 272 nm for 
cefazolin. The artificial tear vehicle was pre- 
pared in an identical manner as the sample and 
its absorbance was measured at the sample 
peaks as a control. 

The paired Student's t-test was used to detect 
significant differences between experimental 
groups and also within an experimental group 
over the course of an experiment. 


Results 


In the potency studies, cefazolin and tobra- 
mycin exhibited no loss of potency during the 
entire four-week period (Figs. 1 and 2). The 
storage temperature had no effect on the poten- 
cy of either antibiotic. The artificial tear vehicle 
was unable to suppress bacterial growth at any 
of the serial dilution concentrations for each 
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Fig. 1 (Bowe, Snyder, and Eiferman). The potency 


of fortified cefazolin solutions, as measured by mini- 
mum inhibitory concentration, over time. 





organism and temperature tested. All stock so- 
lutions remained sterile throughout the dura- 
tion of the study. 

Cefazolin underwent a small but significant 
(P = .05) decrease in the absorption at 272 nm 
from Day 10 onward within the 24 C experi- 
mental group. The cefazolin 4 C group had 
stable absorbance spectra throughout the 
course of the experiment (Fig. 3). A comparison 
of the two experimental temperature groups 
showed a statistically significant difference ap- 
pearing at Day 7 (P = .05) and thereafter (P = 
.005). Tobramycin did not exhibit any differ- 
ence in absorbance spectra both within and 
between experimental groups for the duration 
of the experiment (Fig. 4). The artificial tear 
vehicle had no absorbance at the experimental 
wavelengths throughout the experiment. 

In our pH studies, cefazolin underwent a 
slow, steady increase in the pH from Day 7 
onward within the 24 C experimental group. 
The cefazolin 4 C group maintained a relatively 
constant pH for the duration of the experiment 
(Fig. 5). Tobramycin stored at 24 C underwent a 
mild initial drop in the pH before leveling out at 
Day 14 and then remained at that level for the 
duration of the experiment. Tobramycin at 4 C 
maintained a relatively constant pH for the 
duration of the experiment (Fig. 6). 


Discussion 


Fortified ophthalmic antibiotic preparations 
of cefazolin and tobramycin are commonly used 
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Fig. 2 (Bowe, Snyder, and Eiferman). The potency 
of fortified tobramycin solutions, as measured by 
minimum inhibitory concentration, over time. 
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Fig. 3 (Bowe, Snyder, and Eiferman). The absor- 
bance of fortified cefazolin solutions (50 mg/ml), 
measured at 272 nm, over time. 


today, for the treatment of severe ocular infec- 
tious disease. Earlier work has shown that most 
antibiotics in artificial tear solutions demon- 
strate no significant loss of antibiotic activity at 
room temperature for seven days.” Newer anti- 
biotics are continually being used as the first 
line of defense in microbial infections as resist- 
ance to the older antibiotics develops. Almost 
all of the current knowledge of the behavior of 
cefazolin and tobramycin as fortified solutions 
comes from extrapolation from data on paren- 
teral preparations or by comparison with simi- 
lar antibiotics that have been previously stud- 
ied." It has been our experience that these 
fortified solutions come from the pharmacy 
with a recommendation that they be discarded 
after one week. 


pH 
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Fig. 5 (Bowe, Snyder, and Eiferman). The pH of 
fortified cefazolin solutions (50 mg/ml at 1:2,000 
dilution) over time. 
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Fig. 4 (Bowe, Snyder, and Eiferman). The absor- 
bance of fortified tobramycin solutions (15 mg/ml), 
measured at 269 nm, over time. 


Our results show that the potency of 
cefazolin and tobramycin, as measured by mini- 
mum inhibitory concentration, remains at a 
clinically effective level for at least four weeks 
after they are prepared from standard parenter- 
al preparations. 

The physical properties can give important 
information on the stability of a medication in 
solution. Chemical keratitis, oxidation of a 
compound, precipitation and administration of 
an incorrect or nontherapeutic dose, and loss of 
potency are all sequelae of changes in physical 
properties of ophthalmic solutions. We also 
examined the effects of storage temperature on 
the pH and absorbance spectra of cefazolin and 
tobramycin at the two temperatures most readi- 
ly available to patients, room temperature (24 
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Fig. 6 (Bowe, Snyder, and Eiferman). The pH of 
fortified tobramycin solutions (15 mg/ml at 1:50 
dilution) over time. 
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C) and under refrigeration (4 C). We found that 
although the storage temperature had no effect 
on the potency of either antibiotic, cefazolin 
underwent changes in its physical properties 
(absorbance spectra and pH) after seven to ten 
days when it is stored at 24 C. The nature of 
these changes is beyond the scope of this study 
but would seem to involve microbiologically 
active products as the potency of the solution 
remains constant. 

Cefazolin stored at 4 C remained stable as did 
tobramycin at either of the storage tempera- 
tures for the entire four-week test period. 

We recommend that fortified cefazolin should 
be kept under refrigeration, whereas fortified 
tobramycin may be kept at either room temper- 
ature (24 C) or under refrigeration (4 C). Both 





preparations appear to be stable for at least one 
month after preparation and do not have to be 
discarded after one week, thus reducing re- 
placement cost. 
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OPHTHALMIC MINIATURE 

Somewhere between retina and object, between vision and view, his eyes 
draw back, hesitate, and hover. At some fixed point in time and space he 
senses that he need not waste the effort of a glance. He does not see her, 
because for him there is nothing to see. How can a fifty-two-year-old white 
immigrant storekeeper with the taste of potatoes and beer in his mouth, his 
mind honed on the doe-eyed Virgin Mary, his sensibilities blunted by a 
permanent awareness of loss, see a little black girl? Nothing in his life even 
suggested that the feat was possible, not to say desirable or necessary. 


Toni Morrison, The Bluest Eye 


New York, Simon & Schuster, 1972, p. 42-43 
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Conjunctival Necrosis After Administration of Topical 


Fortified Aminoglycosides 


C. R. Davison, F.R.C.S., S. J. Tuft, F.R.A.C.S., and J. K. G. Dart, F.R.C.S. 


We treated 11 episodes of bulbar conjuncti- 
val necrosis that occurred in ten patients after 
therapy for suppurative keratitis with topical 
fortified aminoglycosides. Chemosis and mu- 
cous discharge preceded the development of 
an area of conjunctival pallor, which stained 
with fluorescein and was 5 to 10 mm from the 
corneoscleral limbus. Typical lesions devel- 
oped in the inferior bulbar conjunctiva after a 
mean of 4.8 days and 112 mg of gentamicin 
sulfate (109 drops). The fortified aminoglyco- 
side was the only agent common to all cases. 
The conjunctival defects healed completely 
between five and 13 days after treatment was 
modified to reduce or eliminate aminoglyco- 
side exposure. 


The aminoctycosipes are bactericidal antibi- 
otics that prevent bacterial protein synthesis by 
irreversibly disrupting ribosomal function. 
They are used frequently in ophthalmic prac- 
tice for the treatment of infections of the eye 
and ocular adnexa because their spectrum of 
activity includes many of the gram-negative 
enterobacteria and staphylococci.'” Gentamicin 
sulfate and tobramycin are effective against a 
wide range of organisms, including Pseudomo- 
nas aeruginosa, and are therefore a treatment of 
first choice in the management of suspected 
gram-negative bacterial keratitis.’ They are 
usually formulated in a 0.3-g/100-ml (0.3%) 
concentration for antibacterial prophylaxis and 
for the treatment of minor external ocular infec- 
tions, but a fortified strength (1.5%) is recom- 
mended for corneal infections when a bacteri- 
cidal tissue concentration is essential.’ 

Topical aminoglycosides can be toxic to both 
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the corneal and conjunctival epithelium. Cor- 
neal toxicity is characterized by superficial 
punctate keratitis, delayed re-epithelialization, 
and corneal ulceration’; conjunctival toxici- 
ty may produce hyperemia, chemosis, and 
punctate epithelial staining.* Nauheim, Nau- 
heim, and Merrick” described six patients with 
conjunctival defects caused by aminoglyco- 
sides. We treated ten patients who developed 
conjunctival necrosis while receiving treatment 
with fortified topical aminoglycosides. 


Patients and Methods 


Between June 1987 and May 1990, we treated 
ten patients who developed conjunctival necro- 
sis during treatment with fortified topical ami- 
noglycosides. We estimate that during this peri- 
od approximately 180 patients with severe 
suppurative keratitis were admitted to our in- 
stitution for treatment, and an additional 550 
patients were treated as outpatients. Most of 
these patients received topical fortified amino- 
glycosides; therefore, the 11 episodes in 730 
patients represent a 1% to 2% incidence of 
conjunctival necrosis. There were six men and 
four women, ranging in age between 18 and 87 
years (mean, 45 years) (Table). Six of the ten 
patients had been wearing contact lenses. 
Three patients had atopic keratoconjunctivitis, 
but no other predisposing conjunctival disorder 
was identified. One patient with atopic kerato- 
conjunctivitis wore contact lenses and devel- 
oped conjunctival necrosis during treatment for 
suppurative keratitis on two separate occa- 
sions. 

Nine of the ten patients had received fortified 
gentamicin sulfate 1.5%. This preparation was 
in aqueous solution with 0.005% thimerosal in 
seven patients and unpreserved in two pa- 
tients. Patients treated with gentamicin sulfate 
received a second separate antibiotic prepara- 
tion (Table). Therefore, nine patients received 
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TABLE 
DATA ON TEN PATIENTS WITH CONJUNCTIVAL NECROSIS 


Maenan anma n r RaR 


CASE NO., ANTIBIOTIC ANTIBIOTIC ONSET RESOLVED CONTACT 
AGE (vas), SEX ORGANISM 1 THIMEROSAL 2 (DAYS) (DAYS) LENS 
1,38, M P. aeruginosa Gentamicin Yes Ticarcillin 7 10 Gas permeable 
2, 38, M Streptococcus sp. Gentamicin Yes Cefuroxime 2 13 None 
3, 87, F P. aeruginosa Gentamicin Yes Cefuroxime 5 10 Extended-wear soft 
4,18, M None Gentamicin Yes Methicillin 5 8 None 
Oy (oer S. aureus Gentamicin Yes Cefuroxime 3 4 Extended-wear soft 
6, 73, F Moraxella sp. Gentamicin Yes Methicillin 5 3 None 
7,23,M P. aeruginosa Gentamicin Yes Cefuroxime 3 4 Extended-wear soft 
8, 42, M* S. pneumoniae Gentamicin No Ceftazidime 3 4 Gas permeabie 
Moraxella sp. Gentamicin Yes None 3 5 Gas permeable 
9, 29, F P. aeruginosa Tobramycin No None 6 5 Extended-wear soft 
10, 27, M S. aureus Gentamicin No Chioramphenicol 14 7 None 


—aeeeeemverenenetemeemaseneterteeatnmmeantt meneame tenement eerste rprnmernnnnteprernainnreniptomeosece 


*Case 8 was affected on two separate occasions. 


multiple topical agents, but gentamicin sulfate 
was the only agent common to all cases. One 
patient taking unpreserved fortified tobramycin 
alone developed a similar conjunctival epitheli- 
al defect. 

Although all patients initially received the 
eyedrops at either half-hourly or hourly inter- 
vals, the time to onset of conjunctival toxicity 
varied between two and 11 days, with a mean of 
4.8 days. A minimum treatment of 36 drops 
before the appearance of conjunctival necrosis 
was seen in the patient who had also received a 
subconjunctival injection; the mean dose be- 
fore the development of necrosis was 109 drops 
(112 mg equivalent). Stinging upon instillation 
of eyedrops, with chemosis and a mucous dis- 
charge, often signaled the onset of conjunctival 





toxicity. The most frequent site of the epithelial 
defects was the inferior bulbar conjunctiva (Fig. 
1), although the superior conjunctiva was in- 
volved in one patient (Fig. 2). There was typi- 
cally a pale area of bulbar conjunctiva between 
5 and 10 mm from the corneoscleral limbus, 
which stained with fluorescein. In some pa- 
tients there was an overlying adherent mucous 
plaque. 

After the recognition of conjunctival toxicity, 
the strength and frequency of the aminoglyco- 
side eyedrops were reduced, or they were re- 
placed with an alternative antibiotic selected 
according to the sensitivity of bacterial isolates. 
The conjunctival defects then healed complete- 
ly over a period of five to 13 days (mean, seven 
days). 





Fig. 1 (Davison, Tuft, and Dart). Case 7. Left, Inferior bulbar conjunctiva of a 23-year-old patient who 
developed an area of conjunctival epithelial necrosis three days after hourly treatment with 1.5% gentamicin 
sulfate. Right, The same area highlighted with cobalt blue light after fluorescein instillation demonstrating 


epithelial cell loss. 
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Fig. 2 (Davison, Tuft, and Dart). Case 8. A 42-year- 
old patient with atopic keratoconjunctivitis who 
wore a rigid contact lens for correction of keratoco- 
nus. Epithelial necrosis developed on the superior 
bulbar conjunctiva after three days of hourly treat- 
ment with nonpreserved gentamicin sulfate 1.5% for 
a Pseudomonas species keratitis. 





Discussion 





The treatment of suppurative keratitis is usu- 
ally initiated before culture results are avail- 
able, and the choice of antibiotics is based on 
the most likely sensitivity of suspected bacter- 
ia.’ Although higher peak tissue levels can be 
produced by subconjunctival injection,’ the 
hourly administration of topical fortified ami- 
noglycosides is as effective at eliminating sus- 
ceptible pathogens." Fortified preparations of 
gentamicin sulfate or tobramycin are recom- 
mended for topical treatment because animal 
models of suppurative keratitis have shown 
that standard-strength preparations do not pro- 
duce bactericidal tissue concentrations when 
given topically.’® Fortified eyedrops, however, 
do carry a substantially greater risk of ocular 
toxicity when compared with standard- 
strength preparations. 

We think that these lesions represent epithe- 
lial necrosis with secondary mucous deposition 
and masking of underlying vessels. An anterior 
segment fluorescein angiogram performed in 
one patient demonstrated patent vessels across 
the affected areas (unpublished data). 

We believe that the location of most lesions in 
the inferior bulbar conjunctiva reflects the site 
of maximum drug exposure. The one patient 
who developed a superior bulbar conjunctival 
lesion (Fig. 2) had severe atopic keratoconjunc- 
tivitis with giant papillae on the superior tarsal 
conjunctiva. This may have resulted in reduced 


tear exchange and increased drug exposure to 
the affected area. 

The mechanism of aminoglycoside toxicity is 
probably a nonspecific inhibition of protein 
synthesis in the cells of the conjunctiva. Elec- 
tron micrographs of conjunctiva after subcon- 
junctival administration of aminoglycosides 
show overloading of the lysosomes of fibro- 
blasts with phospholipids, and similar changes 
are seen in the proximal convoluted tubules of 
patients with gentamicin sulfate-induced acute 
renal tubular necrosis.” ” 

Although we cannot exclude the possibility 
that other agents or combinations of agents 
were responsible, the aminoglycosides were 
probably the cause of the conjunctival necrosis. 
Thimerosal, used in both of the aminoglycoside 
preparations, can produce conjunctival and 
corneal epithelial toxicity. Gasset and associ- 
ates,” however, showed that significant toxicity 
to rabbit corneal epithelium was only seen at 
concentrations 100 times those used in clinical 
practice. Of the 11 episodes, three occurred 
with unpreserved aminoglycoside, and a simi- 
lar appearance was seen when aminoglycosides 
were used in combination with five different 
antibiotics. The aminoglycoside was the only 
agent to which every patient was exposed. 

It is unlikely that the conjunctival defects 
were caused by the underlying corneal infec- 
tion for the following reasons: no patients were 
noted to have any signs of conjunctival necrosis 
at the initial examination; the site of corneal 
ulceration bore no relationship to the site of the 
conjunctival epithelial defects; and diverse or- 
ganisms were responsible for the corneal infec- 
tions seen, 

The aminoglycosides are more toxic than the 
recently developed broad-spectrum penicillins 
and cephalosporins, but they remain the treat- 
ment of choice when a gram-negative bacterial 
corneal infection is suspected. Clinicians 
should be aware of signs of aminoglycoside 
toxicity, such as conjunctival necrosis and de- 
layed corneal healing. An aminoglycoside can 
then be used at a reduced frequency, or a less 
toxic antibiotic, such as a penicillin or a cepha- 
losporin, can be substituted when the clinical 
response or bacterial sensitivities allow. 

Less toxic broad-spectrum alternatives to the 
aminoglycosides, such as the quinolones, are 
becoming available for ophthalmic use and 
should be evaluated as first-choice antibiotics 
for suppurative keratitis. The continued use of 
topical aminoglycosides for conjunctival toxici- 
ty is likely to prolong the time to full recovery. 
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Isolated Neurofibromas of the Conjunctiva 
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Paul H. Kalina, M.D., George B. Bartley, M.D., R. Jean Campbell, M.D., 
and Helmut Buettner, M.D. 


We studied four histologically verified cases 
of isolated neurofibromas of the conjunctiva. 
The histologic pattern was diffuse in two 
patients, plexiform in one patient, and soli- 
tary in one patient. Simple excision was cura- 
tive in all cases. We emphasize the importance 
of distinguishing neuromas (which may be 
associated with multiple endocrine neoplasia) 
from neurofibromas. 


Nevrorrsromatosis, classified as a phacoma- 
tosis, is an autosomal-dominant, inherited dis- 
order with virtually complete penetrance but 
variable expressivity.’ Occurring about once in 
3,000 births, neurofibromatosis affects approxi- 
mately 100,000 persons in the United States." 
The defining clinical features of classic, or type 
1, neurofibromatosis, which bears von Reck- 
linghausen’s name since his description in 
1882,’ are café-au-lait spots, freckles of the 
intertriginous regions of the skin, neurofibro- 
mas, and pigmented iris hamartomas or Lisch 
nodules.” Associated characteristic features 
may be macrocephaly, pseudarthrosis, bone 
thinning or dysplasia, short stature, occurrence 
of various malignant tumors, pheochromocyto- 
ma, visceral tumors, intellectual handicaps, 
cerebrovascular disorders, and central nervous 
system tumors.’ Neoplasms involving the cen- 
tral nervous system include optic gliomas and 
other astrocytomas, neurofibromas, meningio- 
mas, neurilemomas, and acoustic neuromas. 
When acoustic neuromas occur bilaterally and 
are associated with café-au-lait spots, the sepa- 
rate and distinct entity of central, or acoustic, 
neurofibromatosis (type 2) should be consid- 
ered. 
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Neurofibromas, which are composed of pro- 
liferations of peripheral nerve elements, pre- 
dominantly Schwann cells, are the hallmark of 
neurofibromatosis. They may occur on the body 
surface as solitary or multiple lesions and ap- 
pear either as dome-shaped or pedunculated 
dermal lesions or as subcutaneous nodules 
along the course of nerves. Neurofibromas are 
also found in ocular and periocular tissues. 
They may involve the eyebrow, eyelids, con- 
junctiva, iris, choroid, optic nerve, and orbit." 
Neurofibromas of the bulbar and tarsal con- 
junctiva were recognized as early as the turn of 
the century.’” Judging from these and subse- 
quent single case reports,” however, they area 
rare occurrence in neurofibromatosis. We stud- 
ied four cases of histologically verified conjunc- 
tival neurofibromas. 


ior 


Patients and Methods 


Two patients (Cases 1 and 2) were treated by 
one of us (G.B.B.); a review of the medical 
records of our institution identified two ad- 
ditional patients with biopsy-proven isolated 
neurofibromas of the conjunctiva (Table 1). Pa- 
tients with conjunctival extension of primary 
orbital neurofibromatosis were excluded. 


Case 1 

In 1977, a 14-year-old boy had the central 
form of neurofibromatosis (type 2). In addition 
to bilateral acoustic neuromas, he had extra- 
medullary meningiomas, cervical cord neurofi- 
bromas, and multiple skin neurofibromas. A 3 
x 4-mm, slightly raised, epibulbar lesion was 
noted at the 5 o’clock meridian at the corneo- 
scleral limbus of the left eye. The clinical diag- 
nosis was neurofibroma. Treatment was not 
thought to be necessary, and observation was 
recommended. 

During the next 11 years, the mass gradually 
increased in size, and dry eye symptoms 
developed. By 1988 the lesion measured 8 x 10 
mm and clinically resembled an epibulbar der- 


694 AMERICAN JOURNAL OF OPHTHALMOLOGY 111:694-698, JUNE, 1991 


Vol. 111, No. 6 





Isolated Conjunctival Neurofibromas 695 


Sameena ernment pp 


TABLE 1 
CLINICAL AND PATHOLOGIC FEATURES OF PATIENTS WITH ISOLATED NEUROFIBROMA OF THE CONJUNCTIVA 
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VISUAL NEUROFIBROMA HISTOPATHOLOGIC 
ACUITY (TYPE) CHARACTERISTICS 
20/20 Yes (2) Piexiform 
neurofibroma 
1/200 (optic nerve Yes (1) Diffuse 
meningocele) neurofibroma 
20/20 No Solitary 
neurofibroma 
Counting fingers Yes (1) Diffuse 
at 6 ft (amblyopia) neurofibroma 


CASE NO., 
AGE (yrs), SEX SYMPTOMS APPEARANCE LOCATION 
1,14,M Foreign body Solid, nodular, inferotemporail 
sensation tan corneosclieral 
dry eye, limbus, L.E. 
and growth 
of lesion 
2, 35, F Foreign body Solid, nodular. Upper tarsal 
sensation pink conjunctiva, 
R.E. 
3, 34, M None Solid, nodular, Temporal 
tan corneosclerai 
limbus, L.E. 
4, 44, F None Solid, gray-white, Corneoscleral 
diagnosed as limbus, L.E. 


pterygium 


aamen a SOOO 


moid (Fig. 1). The corneal epithelial surface was 
irregular adjacent to the mass. The patient 
requested its excision. 

During the operation the mass was found to 
be located in the epibulbar plane without firm 
attachments to the sclera. Microscopy showed 
an unencapsulated mass that consisted of an 
admixture of proliferating endoneural fibro- 
blasts, Schwann cells, and axons arranged in an 
organoid pattern; individual units were sur- 
rounded by a perineurium. Acid mucopolysac- 
charide material was identified within the en- 
doneurium with Alcian blue stain (Fig. 2). No 
recurrence has been noted during a two-year 
follow-up period. 


Case 2 
A 35-year-old woman with type 1 neurofibro- 
matosis was examined in 1987 for a foreign 





Fig. 1 (Kalina and associates). Case 1. Conjunctival 
neurofibroma at inferotemporal corneoscleral limbus 
of the left eye. Clinical appearance is suggestive of 
ocular dermoid. 





body sensation of the right eye. The examina- 
tion disclosed bilateral Lisch nodules and long- 
standing decreased vision and optic disk pallor 
of the right eye secondary to an optic nerve 
meningocele. A small nodule was identified at 
the superior tarsal border of the right upper 
eyelid (Fig. 3) and was thought to be the cause 
of the foreign body sensation. The lesion was 
excised, and histopathologic examination 
showed an unencapsulated neurofibroma of the 
diffuse type consisting of proliferating nerve 
elements admixed with collagen. The stroma 
was minimally myxoid and showed faint stain- 
ing of mucopolysaccharide with Alcian blue 
stain (Fig. 4). The ocular discomfort resolved, 
and no recurrence has been noted during a 
three-year follow-up period. 





Fig. 2 (Kalina and associates). Case 1. Plexiform 
neurofibroma showing organoid pattern created by 
proliferation of peripheral nerve terminal branches 
(Alcian blue, x 63). 
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Fig. 3 (Kalina and associates). Case 2. Conjunctival 
neurofibroma near superior tarsal border of right 
upper eyelid. 





Discussion 


Conjunctival neurofibromas are rare (Table 
2). In 1898, Katz’ reported a case of a plexiform 
neurofibroma involving the right upper eyelid 
and orbit ina 12-year-old girl. He described the 
tarsal conjunctiva as diffusely thickened and 
swollen but without focal tumefaction or thick- 
ening. The earliest histopathologic description 
of conjunctival neurofibromatosis is attributed 
to von Michels.® He noted gray-red translucent 
strands of small nodules arranged parallel to 
the corneoscleral limbus in the temporal bulbar 
conjunctiva of a patient with buphthalmos and 
ipsilateral upper eyelid involvement by neuro- 
fibromatosis. Microscopically, these conjuncti- 
val changes proved to be small fibromas of a 
large conjunctival nerve. The superficial con- 
junctival stroma was infiltrated by small cells, 
and the epithelium was normal." Similar obser- 
vations were made by others. ^" 

Loos” described a 36-year-old woman with 
thickened and blepharoptotic eyelids, papillo- 
matous tumors of the oral mucosa and tip of the 
tongue, multiple excrescences resembling 
warts that caused thickening of the upper eye- 
lid margins and conjunctiva, and prominently 
thickened corneal nerves. In all probability, 
this case did not represent neurofibromatosis, 
as claimed by the author, but multiple endo- 
crine neoplasia, type 2B. The mucosal tumors 
in multiple endocrine neoplasia, which is also 
characterized by medullary thyroid carcinoma 
and pheochromocytoma, are neuromas. Fro- 
boese® and Wagenmann" histologically differ- 
entiated neuromas from neurofibromas in a 


June, 1991 


ge 
ld 


6 ARR wad att 


ae f 
i ay 
Oe 3 
ge ES 
iat a : 
ape i 
E 
ge x 
Paa 
raie eet 
es 
k 
a 


= 
ey 
k 


Re. 
ar 
a 





ME 


or F on 


Fig. 4 (Kalina and associates). Case 2. Diffuse typ 
of neurofibroma. An admixture of myelinated axons 
and collagen in a nonorganoid pattern is seen (Alcian 
blue, x 63). 


classic case of what most likely would now be 
recognized as multiple endocrine neoplasia. 

Conjunctival neurofibromas have been re- 
ported by Ibanez Puiggari and Gavina Alvara- 
do,” Soriano and Picoli, Paez-Allende,” 
Dabezies and Penner,” Lewis and Riccardi,” 
Perry,” Insler, Helm, and Napoli,” and Huson, 
Jones, and Beck.” The cases reported by Ibanez 
Puiggari and Gaviña Alvardo” and by Soriano 
and Picoli® were actually secondary to invasion 
from upper eyelid neurofibromas and not truly 
isolated conjunctival neurofibromas. No details 
were given by Lewis and Riccardi? or by 
Huson, Jones, and Beck” about their cases of 
conjunctival involvement. A conjunctival 
schwannoma was reported by Vincent and 
Cleasby.” 

The predominant clinical finding of these 
reported cases was an isolated conjunctival 
nodule, and the most common reason for com- 
ing to the clinic was growth. The age at mani- 
festation was younger than 32 years in each 
case. With the exception of the patient de- 
scribed by Dabezies and Penner,” simple exci- 
sion was uniformly successful. 

In our patients, the conjunctival neurofibro- 
mas were clinically diagnosed in the second 
and third decades of life and occurred in two 
females and two males. The left eye was in- 
volved in three of the four patients. The pri- 
mary reason for ophthalmic consultation was 
growth of the lesion. Growth was siow and 
caused no serious clinical problems. Clinically, 
the neurofibromas were elevated in all patients 
and were perilimbal in three of the four pa- 
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TABLE 2 
SUMMARY OF PUBLISHED REPORTS OF ISOLATED NEUROFIBROMA OF CONJUNCTIVA* 
AGE (YRS), PATHOLOGIC 
REFERENCE SEX APPEARANCE LOCATION MANAGEMENT CHARACTERISTICS NEUROFIBROMATOSIS. 
Katz, 1898’ 12,F  Diffusely Tarsai conjunctiva, Eyelid Eyelid neurofibroma; Yes 
thickened upper eyelid, R.E. excision conjunctiva not 
conjunctiva described 
von Michels, NA Gray-red Temporal bulbar Biopsy Neurofibroma of Yes 
1908° corneoscleral conjunctiva conjunctival 
limbus, paralle! nerve 
strands of 
conjunctiva 
Guist, 1920° 45,M  Gray-red nodules Tarsal conjunctiva, Biopsy Neurofibroma of Yes 
both eyes, conjunctival 
temporal bulbar stroma 
conjunctiva 
Loos, 1932" 36, F Yellow strands Temporal Excision Plexiform No (probabie 
perilimbal neurofibroma multiple 
bulbar {probable endocrine 
conjunctiva, neuromas) neoplasia) 
both eyes 
Winkelman, 3,M Opaque, diffusely Perilimbal bulbar Biopsy Neurofibroma Yes 
1947" thickened conjunctiva, L.E. 
conjunctiva 
Soriano and nig 
Picoli, 1935" No detailed description of the case 
Påez-Allende, 18, F Round, smooth- Superior and Biopsy Neurofibroma Yes 
19457 surfaced, pale nasal conjunctiva 
pink and salmon- and cornea, R.E. 
colored lesions 
Dabezies and 50, F Firm, gray, Superior Excision x3  Neurofibroma No 
Penner, 1961" nodular mass temporal bulbar 
conjunctiva, L.E. 
Lewis and ss | 
Riccardi, 1981" No detailed description of the five eyes 
Perry, 19827 22, F Lobulated, Episcleral, Excision Neurofibroma No 
yellow-white subconjunctival, 
tumor RE. 
Insier, Helm, and  24,M  Salmon-pink Superior Biopsy Hamartoma Yes 
Napoli 1985" tumors perilimbal 
conjunctiva, 
both eyes 


Huson, Jones, 


and Beck, 1987? 


No detailed description of the single case 





*NA indicates not available. 


tients. Only one of the four patients (Case 3) 
did not have other signs of generalized neurofi- 
bromatosis. Treatment in each instance in- 
volved simple excision with histopathologic 
confirmation of the diagnosis. No recurrence 
was reported in any of our four cases. 

Both the clinical and the pathologic diagnosis 
may be difficult. A bulbar conjunctival neurofi- 
broma could be clinically suspected to be a 
dermoid cyst (Fig. 1). In some cases, lymphoma 
may be considered in the differential diagno- 
sis.” The preoperative diagnosis of conjunctival 


lymphangioma was made by Winkelman” in 
another case of conjunctival neurofibromatosis. 
The lesion in one patient (Case 4) was thought 
to be consistent clinically with a pterygium. 
Histopathologic distinction is among plexi- 
form, diffuse, and solitary types of neurofibro- 


ma. The plexiform variant consists of a prolife- = 
branches of the > 
peripheral nerve that are arranged in an organ- 
oid pattern (Fig. 2); this type is pathognomonic. 


ration of the terminal 


of von Recklinghausen’s disease. The diffuse 


type (Fig. 4), which consists of an admixture of La 
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myelinated axons and collagen but in a non- 
organoid pattern, is less likely to be associated 
with von Recklinghausen’s disease. In all vari- 
ants of neurofibroma, the perineural cells pre- 
dominate over the Schwann cells and axons, 
and some degree of mucopolysaccharide within 
their matrix is present. These features contrast 
with schwannomas, which lack axons and also 
are encapsulated. The $100 protein stain may 
help in making the distinction from other non- 
neural spindle-cell tumors, such as spindle-cell 
lipoma and fibrolipoma. 

Although rare, neurofibroma of the conjunc- 
tiva should be considered in the differential 
diagnosis of a conjunctival nodule, especially 
in a patient with systemic neurofibromatosis. 
Excision is usually not necessary unless a tissue 
diagnosis is needed in a lesion clinically sug- 
gestive of a neoplasm, the patient is troubled by 
the cosmetic appearance, or the lesion causes 
significant discomfort or abnormalities in adja- 
cent tissues, especially the cornea. 
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The Carney Complex With Ocular Signs Suggestive of 


Cardiac Myxoma 


Robert H. Kennedy, M.D., Joseph C. Flanagan, M.D., Ralph C. Eagle, Jr., M.D., 
and J. Aidan Carney, M.D. 


We treated a patient who had ophthalmic 
findings of the Carney complex that led to a 
search for and the discovery of asymptomatic 
cardiac myxoma. Substantial morbidity and 
mortality are associated with the complex 
because of the occurrence of cardiac myxoma. 
Facial and eyelid lentigines, conjunctival and 
caruncle pigmentation and eyelid pigmenta- 
tion may precede signs or symptoms of cardiac 
myxoma. A study of the patient’s primary 
relatives disclosed manifestations of the com- 
plex transmitted in a manner consistent with 
mendelian autosomal dominant inheritance. 


Kennepy, WALLER, AND CARNEY! described the 
ophthalmic findings in a recently recognized 
syndrome comprising myxomas, spotty pig- 
mentation, and endocrine overactivity (the Car- 
ney complex). Of 63 patients, facial and eyelid 
lentigines were observed in 44 (70%), pigment- 
ed lesions on the caruncle or conjunctival semi- 
lunar fold in 17 (27%), and eyelid myxoma in 
ten (16%). Early recognition and correct inter- 
pretation of these findings is particularly im- 
portant because the syndrome includes cardiac 
myxoma and is familial, transmitted as a men- 
delian dominant trait.’* Psammomatous mela- 
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notic schwannoma has been added to the com- 
plex.’ 

Nearly half of the patients with the complex 
of myxomas, spotty pigmentation, endocrine 
overactivity, and schwannomas developed sig- 
nificant impairment from embolic events or 
died as a direct result of cardiac myxoma.’ It is 
likely that many patients would have survived 
if the clinically apparent components of the 
complex had been recognized and interpreted 
correctly and if appropriate medical examina- 
tions had been performed. Correct interpreta- 
tion of findings has led to examination of the 
heart of a 58-year-old woman with the charac- 
teristic facial, ophthalmic, and labial pigmenta- 
tion, and an asymptomatic cardiac myxoma was 
discovered and removed successfully.’ 

We treated a patient who was initially exam- 
ined by two of us (R.H.K., J.C.F.) in the Oculo- 
plastic Department at Wills Eye Hospital. The 
special ophthalmic findings prompted more de- 
tailed examination of the patient, inquiry con- 
cerning his family, and ultimately the recom- 
mendation that all undergo further study for 
the complex. Asymptomatic cardiac myxoma 
was discovered in our patient, and the complex 
was diagnosed in several other family mem- 
bers, transmitted in a manner consistent with 
autosomal dominant inheritance. Improved 
recognition of the complex by ophthalmolo- 
gists will facilitate early diagnosis of this condi- 
tion in other patients, thereby averting much of 
the associated morbidity and mortality, primar- 
ily caused by cardiac myxoma. 


Case Report 


A 23-year-old man was referred to the Oculo- 
plastic Department at Wills Eye Hospital for 
examination of swelling and blepharoptosis of 
the right upper eyelid that had increased gradu- 
ally for approximately four months. Two or 
three months before the symptoms began, a 
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soft contact lens had been noted to be missing 
from his right eye, and it was never found. On 
several occasions during the past few years, 
single, small lesions had been shaved from the 
left upper eyelid margin; however, no histolog- 
ic examination was obtained. Other than myo- 
pia, he reported no previous ocular disorders, 
and his general health was excellent. At the age 
of 9 years, benign tumors had been excised 
from both testicles, and there had been no 
recurrence. Additionally, a few small, nodular 
skin lesions had been removed from his face 
and trunk during the past several years. 

Ophthalmic examination disclosed a soft, 
nontender anterior orbital mass superonasally 
on the right side, which was visible beneath the 
conjunctiva in the superior fornix and mea- 
sured 1 X 2 cm (Fig. 1). Blepharoptosis (4 mm) 
of the right upper eyelid was present. A small 
mass (1 X 2 mm) was observed on the margin of 
the left upper eyelid centrally (Fig. 2). Results 
of the remainder of the ophthalmic examina- 
tion were normal, and best-corrected visual 
acuity was 20/20 in both eyes. 

The right orbital mass was removed througha 
conjunctival incision placed superior to the 
tarsus. The yellow mass had a gelatinous tex- 
ture and was not encapsulated. Histologic ex- 
amination showed loose, myxoid areas that 
alternated with areas of spindle cells and colla- 
gen fragments (Fig. 3). After careful review, the 
diagnosis of myxoma was established. Postop- 
eratively, the patient recovered well, and the 
blepharoptosis resolved. 

The presence of an orbital myxoma suggested 
that the patient might have the complex of 





Fig. 1 (Kennedy and associates). Anterior orbital 
mass superonasally with associated blepharoptosis 
of right upper eyelid that microscopically proved to 
be a myxoma. 





i 2 i oy cc a 
Fig. 2 (Kennedy and associates). Small mass on 
margin of left upper eyelid that microscopically 
proved to be a myxoma, 


myxomas, spotty pigmentation, endocrine 
overactivity, and schwannomas. Therefore, the 
patient’s skin was examined for pigmented 
spots; a few lentigines were present on the 
trunk, but none were on his face. The small 
mass on the left upper eyelid was removed 
several weeks later, and it also proved to be a 
myxoma. 

The family history disclosed that two of the 
patient’s four brothers had also had benign 
tumors removed from their testicles. Addition- 
ally, the patient’s father (who had died several 
years previously of probable carcinoma of the 
pancreas) had many nodular and pigmented 
skin lesions on his face and trunk. His mother, 
sister, and two additional brothers were in good 
health and had no outwardly visible signs sug- 
gestive of the diagnosis of the complex. Review 
of pathologic records and histologic slides of 
family members disclosed that the father had 
multiple cutaneous myxomas and cutaneous 
lentigines. Two brothers, as well as the patient, 
had large-cell calcifying Sertoli cell tumors of 
the testis; one brother also had cutaneous len- 
tigines, and the other had multiple cutaneous 
myxomas and psammomatous  melanotic 
schwannoma of the thigh.’ 

The patient was referred for cardiac examina- 
tion. Echocardiography disclosed a mass in the 
left ventricle. During the operation, a second 
smaller mass in the left ventricle was also found 
and removed. Histologic examination showed 
that both tumors were cardiac myxomas. The 
patient recovered well from the operation, and 
he has had no cardiac difficulties during the 16 
postoperative months. The right orbital myxo- 
ma, however, recurred and was removed 12 
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Fig. 3 (Kennedy and associates). Eyelid myxoma. 
Hypocellular myxomatous mass composed of ground 
substance, collagen fibers, and some dilated capillar- 
ies (hematoxylin and eosin, x 100). 


months after the initial operation. His siblings 
and mother had normal results of medical ex- 
aminations (except for findings documented 
from review of previous surgical specimens) 
and results of echocardiography. 

We advised the patient and his family of the 
mendelian dominant mode of inheritance and 
discussed the implications for any children they 
might eventually have (Fig. 4). Because the 
cardiac myxomas that occur in association with 
the complex tend to be multiple and recurrent, 
we advised them of the need for continued 
follow-up to detect additional myxomas. 


Discussion 


Carney? showed that there are two estab- 
lished types of cardiac myxomas, nonfamilial 
(sporadic) and familial. In his study, 48 of 51 
patients (94%) treated at the Mayo Clinic had 
the nonfamilial type. It commonly occurred 
during the fifth and sixth decades (average age, 
52 years); 36 (75%) were women; 42 (87%) had 
a single tumor in the left atrium; and none had 
other unusual conditions. Conversely, familial 
cardiac myxoma usually occurred in the second 
and third decades (average age, 24 years) in 24 
previously described patients.® Of these 24 pa- 
tients, 15 (62%) had tumor in the left atrium, 
eight (33%) had multicentric tumors, and five 
(21%) had unusual associated conditions. The 
associated conditions included other myxomas 
(cutaneous and mammary), spotty skin pigmen- 
tation (lentigines and blue nevi), endocrine 
overactivity (Cushing’s syndrome, sexual pre- 
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Fig. 4(Kennedy and associates). Pedigree of family. 
Arrow identifies proband; squares indicate males; 
circles indicate females; diagonal line through sym- 
bol indicates deceased. The paternal grandparents, 
uncle, and first cousins were not known to have any 
manifestation of the complex. 





cocity, and acromegaly), and schwannomas. 
Together these conditions constitute a syn- 
drome transmitted as a dominant trait that has 
been called the Carney complex.’ Cutaneous 
myxoma has occurred in 22 of 41 patients (54%) 
with the complex, was multicentric in 16 (73%), 
and had a predilection for the eyelids, ears, and 
nipples.” 

The ophthalmic findings associated with the 
complex include spotty pigmentation of the 
eyelids and face, pigmented lesions of the car- 
uncles, and eyelid myxomas.!? Most patients 
with the complex develop one or more of those 
findings during the first decade of life. Among 
patients who have had cardiac myxoma, the 
ophthalmic manifestations have generally pre- 
ceded the onset of any signs or symptoms of 
cardiac myxoma by several years. Consequent- 
ly, early recognition by ophthalmologists of the 
significance of the ophthalmic findings and re- 
ferral for medical examination could help to 
prevent much of the morbidity and mortality 
related to cardiac myxoma. 

Several factors, however, make early identifi- 
cation of patients with the complex difficult. 
The complex is a relatively uncommon disor- 
der, but spotty pigmentation of the eyelids and 
face caused by ephelides is common. Although 
the pigmented lesions associated with the com- 
plex are lentigines, clinical differentiation be- 
tween ephelides and lentigines can be difficult. 
Therefore, referral of all patients with spotty 
pigmentation for cardiac examination would 
likely not prove to be an efficient screening 
strategy, and we would not recommend it. Fac- 
tors that should increase suspicion include the 
presence of dark or black lesions, not induced 
by sun exposure, on the caruncle, conjunctival 
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semilunar fold, or vermilion border of the lips 
in young patients. Suspicion should be height- 
ened further if any other features suggestive of 
the complex are also present. In our view, any 
patient who has had myxoma of the eyelid 
should be referred for medical examination 
including echocardiography regardless of 
whether any other outwardly visible compo- 
nents of the complex are present. Most of the 
eyelid myxomas that have been reported have 
occurred in patients with the complex." We 
reported previously that of ten patients with 
eyelid myxoma occurring in association with 
the complex, seven developed cardiac myxo- 
ma.’ Also, all first-degree relatives of patients 
with the complex should be advised of the need 
for continued medical examination. 

Of the 63 patients previously described,’ 44 
(70%) had spotty pigmentation of the skin; 44 
(70%) had cardiac myxomas; 29 (46%) had skin 
myxomas; 13 (21%) had breast myxomas; 22 
(35%) had Cushing’s syndrome; six (10%) had 
pituitary growth hormone-secreting adenoma; 
and 12 of 27 males (44%) had testicular tumors. 
Not all patients develop all of the features, but 
two or more of the following conditions occur- 
ring in characteristic fashion are required to 
establish diagnosis of the syndrome: myxomas 
(cardiac, cutaneous, or mammary); spotty skin 
pigmentation (lentigines and blue nevi); Cush- 
ing’s syndrome (caused by primary pigmented 
nodular adrenocortical disease); acromegaly or 
gigantism (the result of growth hormone-pro- 
ducing pituitary adenoma); sexual precocity 
(caused by large-cell calcifying Sertoli cell tu- 
mor of the testis, Leydig cell tumor of the testis, 
or adrenocortical rest tumor); or psammoma- 
tous melanotic schwannoma!" 

The mode of inheritance of the complex of 
myxomas, spotty pigmentation, endocrine 
overactivity, and schwannomas has been re- 
ported to be mendelian dominant.’ The finding 
of transmission of the complex from father to 
son was not observed in that study, however, 
and is required to confirm that the mode of 
inheritance is autosomal dominant. Bain’ men- 
tioned that he had identified a family with an 
affected father and son. The findings in our 
patient and in his brothers and father support 


the concept that the mode of inheritance of the 
syndrome is autosomal dominant. 
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Urine Drug Screening for Cocaine After Lacrimal Surgery 


Oscar A. Cruz, M.D., James R. Patrinely, M.D., George S. Reyna, M.D., 
and J. W. King, M.T. 


We investigated whether the results of rou- 
tine urine drug screening for cocaine would be 
positive after dacryocystorhinostomy. Postop- 
erative urine specimens were analyzed for the 
presence of benzoylecgonine, the major me- 
tabolite of cocaine, by gas chromatography- 
mass spectrometry. The results of urine tests 
of all 12 patients were positive for cocaine 24 
hours postoperatively. Nine (75%) were posi- 
tive 48 hours postoperatively, and three (33%) 
had detectable levels 72 hours after surgery. 
Patients given cocaine at the time of lacrimal 
surgery should be warned that they may test 
positive for cocaine for at least three days 
postoperatively. 


T He curreNT MEDICAL uses of cocaine are limit- 
ed to its topical anesthetic and sympathomi- 
metic properties. Rhinologists commonly use it 
to anesthetize and vasoconstrict nasal and la- 
ryngeal mucous membranes.’ In ophthalmic 
surgery, cocaine is frequently used in lacrimal 
drainage surgery for similar purposes. 

Although the medical uses of cocaine are well 
known to the scientific community, it is more 
widely considered by the public to be a recrea- 
tional drug that is misused. Urine drug screen- 
ing has become routine in law enforcement and 
in the workplace. In routine urine screening, a 
positive result is considered evidence of illegal 
cocaine use. 

We investigated the results of urine drug 
screening for cocaine after routine lacrimal sur- 
gery. We analyzed urine specimens after lacri- 
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mal surgery for the presence of benzoylecgo- 
nine, the major metabolite of cocaine, in 
patients undergoing dacryocystorhinostomy. 


Patients and Methods 


All patients undergoing elective dacryocysto- 
rhinostomy examined between September 1989 
and April 1990 at hospitals affiliated with the 
Baylor College of Medicine were recruited for 
the study. Patients with a history of previous 
cocaine use, pregnant patients, those who 
could not give voluntary informed consent, and 
those who could not arrange or comply with 
follow-up examinations during the study peri- 
od were excluded from participation. Five pa- 
tients were excluded from the study for these 
reasons. Every patient was tested preoperative- 
ly for cocaine, and patients with positive results 
of a urine test were excluded from the study. All 
patients underwent dacryocystorhinostomy 
performed by one of us (J.R.P.). Twelve patients 
comprised the final study group. 

Before surgery, the nasal mucosa was initially 
constricted with a single spray of aerosolized 
4% cocaine. This improved visualization so 
that the nasal cavity could be packed with 12 to 
18 inches of %-inch gauze cotton strips lightly 
soaked in 2 ml of 4% cocaine solution.” Only 1 
ml of 4% cocaine was used in infants and 
children. The gauze was firmly squeezed semi- 
dry before packing. The packing was placed in 
the nasal vestibule near the head of the middle 
turbinate at the planned rhinostomy site.*“ 
Then the lacrimal surgery was performed as 
customary. Cardiac, respiratory, and blood 
pressure levels were monitored throughout the 
operative and immediate postoperative period. 
All patients were examined 24 hours postoper- 
atively, and a urine sample was obtained at that 
time. All patients were then instructed to ob- 
tain urine samples 48 hours, 72 hours, and one 
week postoperatively. The urine samples were 
analyzed for cocaine metabolites by gas chro- 
matography- mass spectrometry. 


©AMERICAN JOURNAL OF OPHTHALMOLOGY 111:703~705, JUNE, 1991 703 





AMERICAN JOURNAL OF OPHTHALMOLOGY 


June, 1991 





Results 


Of the 12 patients who underwent dacryocys- 
torhinostomy, all tested positive postopera- 
tively for cocaine (Table). The levels detected 
ranged from 67 ng/ml (minima! detection limit, 
60 ng/ml) to 2,459 ng/ml. The variability of 
the amount detected in the urine demonstrated 
the pronounced dose dependence that is char- 
acteristic of cocaine metabolism. Nine of 12 
patients (75%) had detectable levels greater 
than 300 ng/ml at 24 hours (immunoassay 
detection limit). There was an average decline 
in benzoylecgonine levels of approximately 
80% between the 24-hour and 48-hour sam- 
ples. Nine of 12 patients (75%) still tested 
positive at 48 hours. Two of 12 patients (17%) 
had levels greater than 300 ng/ml; one of these 
had the only bilateral procedure that was in- 
cluded. Four of 12 patients (33%) had detect- 
able levels of benzoylecgonine at 72 hours after 
the operation. The results of all one-week urine 
samples were negative. 


Discussion 


The current medical use of cocaine is limited 
to localization of Horner’s syndrome and local 


TABLE 
POSTOPERATIVE BENZOYLECGONINE URINE LEVELS 
(NG/ML) AFTER DACRYOCYSTORHINOSTOMY 


HOURS POSTOPERATIVELY* 


CASE NO., 
Sa ee ee 
1, 35, M 661 108 60 
2, 42, Ft 568 319 NM 
3, 35, M 259 NM NM 
4, 68, M 375 70 NM 
5, 62, M 133 93 NM 
6, 37, M 2,459 387 88 
7, 38, M 121 NA NM 
8, 54, M 662 94 NM 
9, 81, M 852 177 72 
10, 29, F 67 NM NM 
11, 88, F 1,226 218 68 
12, 2, F 1,347 220 NM 


*Results of all one-week samples were negative. NM indi- 
cates not measurable with a minimum detection limit of 60 
ng/mi, and NA indicates not available. 

tCase 2 had bilateral surgery. 


anesthesia in oculoplastic surgery, bronchosco- 
py, myringotomy, and rhinoplastic procedures. 
Bralliar, Skarf, and Owens® demonstrated that 
the application of two drops of a 10% solution 
of cocaine hydrochloride, instilled in the con- 
junctival cul-de-sac, resulted in positive results 
of urine tests for cocaine with the use of an 
immunoassay at four, 24, and 36 hours. 

Our study demonstrated that a sensitive 
urine assay combined with the efficient absorp- 
tion of cocaine across a mucous membrane will 
result in positive results of urine tests. The 
levels detected were much higher in terms of 
possible pharmacologic effects than we antici- 
pated. In routine screening, a positive test re- 
sult is considered evidence of illegal cocaine 
use. Although techniques can vary the dosage, 
80 to 200 mg of cocaine is generally adminis- 
tered intranasally during packing for dacryo- 
cystorhinostomy. The psychoactive dose of co- 
caine for adults, by intranasal administration, 
is between 50 and 95 mg.* Factors involved in 
the range and variability of levels included the 
variable bioavailability of cocaine as well as 
weight, liver function, renal function, and 
hydration status of the patient. Cocaine me- 
tabolism has been studied and reviewed ex- 
tensively.‘* Barnett, Hawks, and Resnick” dem- 
onstrated the pronounced dose dependence 
that affects many pharmacokinetic factors. Bio- 
availability would also be affected by nasal 
bleeding during packing. 

Gas chromatography—mass spectrometry is 
generally believed to be the most reliable and 
sensitive test to detect cocaine and its metabo- 
lites and is therefore generally used to confirm 
positive results of immunoassays and to pro- 
vide quantification.®” 

Since the presence of cocaine can be detected 
in the urine up to 72 hours after lacrimal sur- 
gery, we recommend that physicians should 
consider requiring informed consent if they 
plan to use cocaine during surgery. With more 
lacrimal surgery being performed on an out- 
patient basis and patients returning to nor- 
mal activities soon after the operation, this 
issue becomes important. All patients must be 
warned that they may test positive for cocaine 
for at least three days postoperatively. Al- 
though there is no standardized procedure for 
double-checking positive results of urine tests, 
some corporations and agencies will request 
medical review for possible previous medical 
usage of cocaine or similar substances. Addi- 
tionally, every attempt should be made to use 
the minimum amount of topical cocaine neces- 
sary. 


Vol. 111, No. 6 


Cocaine Screening After Lacrimal Surgery 705. e 


References 


1. Verlander, J. M., and Johns, M. E.: The clinical 
use of cocaine. Otolaryngol. Clin. North Am. 14:521, 
1981. 

2. Patrinely, J. R, and Gigantelli, J. W.: Dacryo- 
cystorhinostomy. In Lindberg, J. V. (ed.): Contempo- 
rary Issues in Ophthalmology, vol. 5. New York, 
Churchill Livingstone, 1988, p. 151. 

3. Kirshner, H.: Local anesthesia in external dac- 
ryocystorhinostomy. In Bosniak, S. L. (ed.): Advanc- 
es in Ophthalmic Plastic and Reconstructive Surgery, 
vol. 3. Elmsford, New York, Pergamon Press, 1984, 
pp. 267~271. 

4. Patrinely, J. R, and Anderson, R. L.: A review 
of lacrimal drainage surgery. Ophthalmic Plast. 
Reconstr. Surg. 2:97, 1987. 

5. Bralliar, B. B., Skarf, B., and Owens, J. B.: Oph- 
thalmic use of cocaine and the urine test for benzoyl- 
ecgonine, N. Engl. J. Med. 320:1757, 1989. 

6. Department of Health and Human Services: 


Alcohol, Drug Abuse, and Mental Health Adminis- 
tration. Scientific and technical guidelines for federal 
drug testing programs, standards for certification of 
laboratories engaged in urine drug testing for federal 
agencies. Fed. Register 52:30638, 1987. 

7. Ambre, J.: The urinary excretion of cocaine and 


metabolites in humans. A kinetic analysis of pub- we 


lished data. J. Anal. Toxicol. 9:241, 1985. , 
8. Hawks, R. L., and Chiang, C. N.: Urine testing — 
for drugs of abuse. Natl. Inst. Drug Abuse Res. 


Monogr. Ser. 73. Washington, D.C., U.S. Goana 


ment Printing Office, 1986, pp. 8-121. 


9. Jatlow, P.: Cocaine. Analysis, pharmacokinet- 


ics, and metabolic disposition. Yale J. Biol. Med. 
61:105, 1988. 

10. Barnett, G., Hawks, R., and Resnick, R.: Co- 
caine pharmacokinetics in humans. J. Ethnophar- 
macol. 3:353, 1981. 

11. Hoyt, D. W., Finnigan, R. E., Nee, T, Shuls, 
T. F., and Butler, T. J.: Drug testing in the workplace. — 
Are methods legally defensible? JAMA 258:504, 
1987. 


OPHTHALMIC MINIATURE 

And her eyes—ah, you should have seen them and broken your hearts. 
Have you seen that veiled deep glow, that pathetic hurt dignity, that 
unsubdued and unsubduable spirit that burns and smoulders in the eye of a 
caged eagle and makes you feel mean and shabby under the burden of its 
mute reproach? Her eyes were like that. ... Yes, at all times and in all 
circumstances they could express as by print every shade of the wide range 
of her moods. In them were hidden floods of gay sunshine, the softest and 

peacefulest twilights, and devastating storms and lightnings. 
Mark Twain, Personal Recollections of Joan of Arc 
Hartford, The Stowe-Day Foundation, 1980, p. 343 
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Paul M. Munden, M.D., Randy H. Kardon, M.D., Chad E. Denison, 
and Keith D. Carter, M.D. 


We measured the magnitude and time 
course of the increase in palpebral fissure 
width in ten normal volunteers in response to 
direct-acting (2.5% phenylephrine, 1% apra- 
clonidine) and indirect-acting (10% cocaine, 
1% hydroxyamphetamine) topical adrenergic 
drugs given in one eye. The increase in the 
palpebral fissure width of the treated eye was 
compared to the width of the untreated, con- 
trol eye during a period of 60 minutes after 
each drug was administered. The difference in 
fissure width (asymmetry) between the treat- 
ed and untreated eyes increased significantly 
for all drugs during the three- to 60-minute 
time period after treatment. There was no 
significant difference in the maximum eyelid 
effect among the adrenergic drugs tested. The 
drugs exerted their maximum effect by 30 
minutes in 39 of the 40 trials (97.5%). The 
direct-acting drugs tended to exert their effect 
more quickly than the indirect-acting drugs. 
Our results demonstrate the expected increase 
in palpebral fissure width in response to topi- 
cal adrenergic drugs in normal eyes. This 
information will provide a basis for evaluat- 
ing Müller's muscle and its sympathetic in- 
nervation in patients with blepharoptosis. 


An increase in the width of the palpebral 
fissure is frequently noted after the application 
of topical adrenergic drugs. Some surgeons 
routinely use topical 2.5% or 10% phenyleph- 
rine to assess the contractile status of Muller’s 
muscle before certain blepharoptosis proce- 
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dures.’ Eyelid retraction has also been noted 
with the use of topical apraclonidine.“ We have 
seen increases in the palpebral fissure widths of 
both the blepharoptotic and normal eyes of 
patients with Horner’s syndrome who receive 
topical cocaine, hydroxyamphetamine, or 
phenylephrine. The diagnosis and localization 
of the sympathetic defect in Horner’s syndrome 
is usually based on the pupil responses to these 
drugs.” Since these responses are equivocal at 
times, we were interested in determining 
whether palpebral fissure responses to topical 
adrenergic drugs could be used in a similar 
fashion to diagnose Horner’s syndrome and 
identify the location of the sympathetic lesion. 
To do this, it was first necessary to characterize 
the drug response in normal subjects. 

We evaluated palpebral fissure responses to 
topical 10% cocaine, 1% hydroxyamphetamine, 
2.5% phenylephrine, and 1% apraclonidine ina 
group of ten normal volunteers to determine 
the time course and degree of effect of these 
adrenergic drugs. 

Cocaine and hydroxyamphetamine are indi- 
rect adrenergic agonists. Cocaine exerts its ef- 
fects by inhibiting reuptake of norepinephrine 
from the sympathetic nerve endings. Hydroxy- 
amphetamine causes release of norepinephrine 
from the nerve endings of sympathetic neu- 
rons. Phenylephrine is a direct-acting alpha-1 
adrenergic agonist, whereas apraclonidine is a 
direct-acting, peripheral alpha-2 adrenergic ag- 
onist. Each of these drugs causes a widening of 
the palpebral fissure by inducing contraction of 
the sympathetically innervated muscles of the 
eyelids. 


fr 


Subjects and Methods 


Ten normal volunteers with no history of 
ocular disease or trauma and no allergies to the 
topical medications were recruited. The legal 
requirements governing informed consent were 
followed. 

Slit-lamp examination was performed in all 
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subjects. The right or left eye was selected a fixed alignment of the eye with relation to the 
randomly for pharmacologic testing. The same camera lens, which eliminated most changes in 
eye was used for each drug tested. At least 24 fissure size caused by voluntary eye move- 
hours passed before testing the next drug. The ments. The 1:1 life-sized image allowed direct 
topical medications were tested in the follow- measurement of the fissure width from the 
ing order: 10% cocaine; 1% hydroxyampheta- photographs by a magnifier with graticule. 
mine; 2.5% phenylephrine; and 1% apracloni- Baseline photographs were taken of the eyes 
dine. No residual drug effect was noted in any before drug application. One drop of topical 
of the volunteers. The lack of residual effect medication was then instilled in the lower for- 
was based on an absence of anisocoria before nix of the selected eye. A second drop was 
each drug treatment and the absence of any instilled ten seconds later. Two photographs of 
significant differences in baseline fissure asym- the eyes were taken in succession at intervals of 
metry among the four tested drugs. one, three, five, ten, 15, 30, and 60 minutes. 

We chose to treat only one eye and use the Each photograph was labeled and vertically 
other, untreated eye as the control. This was cut in half between the right and left eyes so 
done so that any change in voluntary eyelid that fissure measurements were not biased by 
elevation (even while fixating on a distant tar- the appearance of the fellow eye. The palpebral 
get) would affect both fissure sizes equally and fissures were measured at their widest point to 
not influence the measured drug effect, assum- the nearest tenth of a millimeter by a masked 
ing Hering’s law of equal innervation. The observer using a magnifier with a metric grat- 
effect of each adrenergic drug was therefore icule (Edmund Scientific, Paramus, New Jer- 
expressed in terms of palpebral fissure asym- sey). 
metry. Fissure asymmetry was calculated by The average amount of palpebral fissure 
subtracting the measured fissure width of the asymmetry for each time interval was com- 
untreated, control eye from the treated, fellow pared to the baseline fissure asymmetry and 
eye. also to the maximum fissure asymmetry for 

Photographs of each subject were taken with each drug by repeated measures analysis of 
a Loewenfeld-Rosskothen camera.® This camera variance. The mean baseline fissure asymme- 
produced 1:1 life-sized images of both eyes try, mean maximum fissure asymmetry, and 
with self-developing color film. An adjustable mean time to the maximum fissure asymmetry 
chin rest maintained the distance and height of were compared among the different drug treat- 
the eyes constant in relation to the camera lens ment groups using the Kruskal-Wallis test for 
while the subject looked at a distant fixation nonparametric data. A P value of less than .05 
light. This method of photography maintained was considered significant. 

TABLE 1 


THE MEAN PALPEBRAL FISSURE ASYMMETRY IN TEN SUBJECTS AT EACH TIME INTERVAL” 


a ESNTTTTTTTTT SPT TE ET annaa 





COCAINE HYDROXYAMPHETAMINE PHENYLEPHRINE APRACLONIDINE 
MEAN MEAN MEAN MEAN 
ASYMMETRY ASYMMETRY ASYMMETRY ASYMMETRY 
TIME (MINS) (MM) S.E. P VALUE (MM) S.E. P VALUE (MM) S.E. P VALUE (MM) S.E. P VALUE 
Baseline 0.08 0.1 — ~0.07 0.1 — 0.05 0.1 — 0.06 0.1 > 
1 0.01 0.2 711 -0.01 0.2 .658 0.31 0.2 .06 —0.01 0.1 44 
3 1.03 0.2 .0001 0.41 0.2 .0001 0.95 0.3 012 0.58 0.1 0022 
5 1.27 0.2 .0001 0.42 0.2 0016 1.17 0.2 .0018 0.82 0.2 .9005 
10 1.34 0.2 0001 1.10 0.2  .0001 1.46 0.2 .0005 1.20 0.2 .0001 
15 1.17 0.2 .0001 0.97 0.2 .0001 1.43 0.3 .001 1.36 0.2 0001 
30 1.48 0.3 .0001 1.31 0.2 .0001 1.01 0.2 .0036 1.27 0.2 .0001 
60 1.32 0.2 .0005 0.80 0.2 .0001 0.68 0.2 031 1.13 0.2 .0006 


TTT TE EEOAE a aannaaien 


*The mean asymmetry (treated-control eye) for each time interval is compared to the baseline asymmetry by repeated measures 
analysis of variance. A negative value means that the mean fissure width was greater for the control eye. S.E. indicates standard error of 
the mean. 
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Fig. 1 (Munden and associates), Mean palpebral 
fissure responses of the control eye and the eye 
treated with topical 10% cocaine in ten normal sub- 
jects, 


Results 


There were no significant differences in the 
baseline palpebral fissure widths or in the base- 
line palpebral fissure asymmetry (treated eye 
minus untreated eye) among the four drugs 
tested. The palpebral fissure asymmetry was 
significantly increased over baseline during the 
three- to 60-minute time interval for all the 
drugs tested (Table 1). 
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Fig. 3 (Munden and associates). Mean palpebral 
fissure responses of the control eye and the eye 
treated with topical 2.5% phenylephrine in ten nor- 
mal subjects. 


Fig. 2 (Munden and associates). Mean palpebral 
fissure responses of the control eye and the eye 
treated with topical 1% hydroxyamphetamine in ten 
normal subjects. 


The increase in fissure asymmetry occurred 
more quickly in the phenylephrine group but 
also began to decline sooner as compared to the 
cocaine and hydroxyamphetamine' groups 
(Figs. 1 through 5). The average time to maxi- 
mum effect varied from 23.0 minutes for 1% 
hydroxyamphetamine to 10.8 minutes for 2.5% 
phenylephrine (Table 2). 

The amount of increase in fissure width was 
equivalent among the four drugs, since there 
was no significant difference in the maximum 
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Fig. 4 (Munden and associates). Mean palpebral 
fissure responses of the control eye and the eye 
treated with topical 1% apraclonidine in ten normal 
subjects. 
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increase in fissure asymmetry. Neither age nor 
initial fissure size correlated with the maximum 
increase in fissure asymmetry. 

To determine the best time to measure the 
drug effects, the measurements at each time 
interval were compared with the maximum fis- 
sure asymmetry for each drug. The time in- 
tervals during which there was no significant 
difference in fissure asymmetry from the 
maximum asymmetry were determined (Fig. 5). 

The 15- to 30-minute time interval after drug 
administration appeared to be optimum for 
measurement; the direct-acting drugs had their 
effect somewhat sooner during the interval. The 
maximum drug effect was reached by 15 min- 
utes in all volunteers after treatment with 
phenylephrine and by 30 minutes after treat- 
ment with hydroxyamphetamine or apracloni- 
dine. The maximum effect of cocaine was seen 
in nine of ten patients within 30 minutes after 
treatment (Fig. 6). All drugs continued to show 
a diminished but significant effect at 60 minutes 
with 2.5% phenylephrine decreasing the most. 


1.326 mm (SE 9.2mm} 


1.53 mm (SE 0.2mm} 


1.63 mm (SE 0.3 mm} 


Mean maximum fissure asymmetry 
{treated - contro! aya) 
1,59 mm {SE 0.3 mm} 


Fig. 5 (Munden and associates). The solid 
lines represent the time intervals for each 
drug in which there was no significant dif- 
ference between the palpebral fissure asym- 
metry (mean of ten normal subjects) and the 
maximum fissure asymmetry attained after 
topical adrenergic drug treatment. The ar- 
rows mark the mean time for all ten volun- 
teers when the fissure asymmetry reached 
maximum value. The optimum time for mea- 
suring fissure responses to these drugs ap- 
pears to be from 15 to 30 minutes after 
administration. (SE indicates standard er- 
ror.) 


Discussion 


Muller’s muscle consists of sympathetically 
innervated smooth muscle fibers and acts to- 
gether with the levator palpebrae superioris 
muscle to elevate the upper eyelid. Palpebral 
fissure widening after application of topical 
adrenergic drugs is often noted. 

Our results show all four tested drugs were 
equivalent in their ability to increase the width 
of the palpebral fissure. The direct-acting ad- 
renergic agents produced their effect more 
quickly than the indirect-acting drugs. The op- 
timum time to measure the increase in fissure 
size appears to be 15 to 30 minutes after topical 
drug administration. Maximum increase in fis- 
sure width was achieved during this time peri- 
od in 39 of 40 trials (97.5%). All drugs contin- 
ued to show a significant but diminished effect 
at 60 minutes with 2.5% phenylephrine de- 
creasing the most. 

Our measured maximum increase in fissure 


TABLE 2 
MAXIMUM PALPEBRAL FISSURE ASYMMETRY AND TIME TO MAXIMUM ASYMMETRY IN TEN SUBJECTS* 





MAXIMUM PALPEBRAL FISSURE ASYMMETRY? 


MEAN (SE) 

DRUG (MM) 
Cocaine 1.63 (0.3) 
Hydroxyamphetamine 1.36 (0.2) 
Phenylephrine 1.59 (0.3) 
Apracionidine 1.53 (0.2) 


TIME TO MAXIMUM ASYMMETRY 


RANGE MEAN {SE} HANGE 
(MM) (MIN) {MIN} 
0.65-2.85 21 (5) 5-60 
0.60-2.55 23 (3) 10-30 
0.60-2.35 11 (1) 3-15 
0.45-3.00 18 (3) 5-30 





*S.E. indicates standard error of the mean. 


'Palpebral fissure asymmetry was determined for each subject by subtracting the palpebral fissure width of the treated eye from the 


width of the control eye. 
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asymmetry in response to 2.5% phenylephrine 
(1.59 mm) and the mean time to the maximum 
(10.8 minutes) correlated closely with the re- 
sults of Felt and Frueh.® They found a mean 
maximum increase in fissure asymmetry of 1.3 
mm with 2.5% phenylephrine and an average 
time to the maximum effect of 13 minutes. 

The pharmacologic diagnosis of Horner’s 
syndrome is usually based on pupillary reac- 
tions to topical cocaine.” Pupil responses to 
topical hydroxyamphetamine can help localize 
the sympathetic lesion in Horner’s syndrome to 
either a postganglionic or preganglionic loca- 
tion? Some patients, however, have pupils 
that react poorly to cocaine and hydroxyam- 
phetamine. This may be causec in part by poor 
corneal penetration of topical drugs. Because of 
the sympathetic innervation of Maller’s muscle 
and the ease with which topical drugs penetrate 
the conjunctiva, eyelid responses to topical co- 
caine and hydroxyamphetamine may be of use 
in the diagnosis and localization of Horner's 
syndrome. 

The results of our study demonstrated an 
increase in palpebral fissure width in response 
to topical adrenergic drugs in normal volun- 
teers. This information provides a basis for 
evaluating the function of Maller’s muscle and 
the integrity of its sympatheticinnervation. Ina 
patient with blepharoptosis, a difference in the 
eyelid responses to bilaterally administered 
topical cocaine or hydroxyamphetamine could 
theoretically be used to help diagnose Horner's 
syndrome and localize the site of the sympa- 
thetic lesion. 
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The Effect of Topical Antiglaucoma Drugs on the Results 


of High-Pass Resolution Perimetry 
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Lene M. Martin-Boglind, R.N., Adrienne Graves, Ph.D., and Peter Wanger, M.D. 


We conducted a randomly assigned, double- 
masked, crossover study of the effects of beta- 
xolol, epinephrine, pilocarpine, and timolol 
on the high-pass resolution perimetry results 
in normal subjects. The influence of topical 
administration of these intraocular pressure- 
reducing drugs was negligible, which con- 
firmed the reliability of high-pass resolution 
perimetry results. The method seems appro- 
priate for the diagnosis of glaucoma and the 
follow-up of patients with glaucoma. 


SERIAL VISUAL FIELD examinations are essential 
for the diagnosis and management of glauco- 
ma. The monitoring of antiglaucoma therapy is 
dependent upon the correct analysis of changes 
in the visual fields. High-pass resolution perim- 
etry has been reported to be a sensitive test for 
optic nerve damage in glaucoma with low vari- 
ability.’* The method has also given highly 
reproducible results in normal subjects.’ High- 
pass resolution threshold has been shown to 
correlate directly with retinal ganglion cell sep- 
aration.” This proposal has been validated by 
comparison with other sophisticated tech- 
niques for demonstrating optic nerve damage. 
Wanger and Persson’ reported a good concor- 
dance between high-pass resolution perimetry 
findings and pattern-reversal electroretino- 
grams. Airaksinen and associates’ found a good 
correlation between semiquantitative evalua- 
tion of retinal nerve fiber layer photographs 
and high-pass resolution perimetry results. 
Lindblom’ reported similar observations. A lin- 
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ear relationship has been observed when com- 
paring reduction of the functional retinal area 
from laser photocoagulation and increase of the 
mean resolution threshold in patients with dia- 
betes (B. Lindblom, unpublished data). 

Miosis induced by pilocarpine has been 
shown to influence the visual field with differ- 
ential light-sense perimetry.’ The decrease in 
sensitivity remained when compensating for 
the drug-induced myopia.’ We attempted to 
establish if and to what extent topical adminis- 
tration of intraocular pressure-reducing drugs 
would influence the results of high-pass resolu- 
tion perimetry in normal subjects. 





Subjects and Methods 





The high-pass resolution perimetric system 
we used has been described previously.' Brief- 
ly, it consisted of a personal computer with a 
second graphics card, which controlled the 
stimulus display monitor. The subjects in the 
study, eight men and seven women, were 
healthy volunteers, age-matched to typical pa- 
tients with glaucoma (mean age, 66.7 + 3 years; 
range, 61 to 72 years), with no history of ocular 
disease, no opacities of the optic media, normal 
intraocular pressure and fundus appearance, 
and best-corrected visual acuity of at least 20/ 
20. They had had no previous experience with 
high-pass resolution perimetry. All subjects 
gave informed consent to participate in the 
study when the procedure and aims had been 
explained to them. The study was approved by 
the local ethical committee. 

We instilled a single dose of betaxolol (0.5%), 
epinephrine (1%), pilocarpine (2%), or timolol 
(0.5%) in one eye and placebo in the other eye 
of all 15 studied subjects in a randomized, 
double-masked, crossover manner. Before the 
study and 90 minutes after the instillation, each 
subject was examined with subjective refrac- 
tion, high-pass resolution perimetry, Gold- 
mann tonometry, and pupil size measurement 
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with a millimeter ruler. For each subject in the 
study this procedure was repeated on four occa- 
sions at approximately the same time of the 
day, with an interval of at least 48 hours. The 
eyes were tested in a random fashion. 
Student’s t-test and correlation tests were 
used for statistical analysis. A P value of less 
than .05 was considered statistically significant. 





Results 


The prestudy values for the 15 subjects (30 
eyes) were the following: mean resolution 
threshold, 4.6 + 0.6 dB; intraocular pressure, 
15 = 2.7 mm Hg; refraction, +1 + 2.1 diopters; 
and pupil diameter, 3.2 + 0.5 mm. The mean 
resolution threshold from the first-examined 
eyes of each subject was 4.8 + 0.5 dB and from 
the second-examined eyes 4.3 + 0.7 dB (P = 
.031). The prestudy tests showed no statistical- 
ly significant difference in mean resolution 
threshold between the right and left eyes (P = 
.27), when examined in random order. 

No statistically significant difference in mean 
resolution threshold was found between the 
untreated and the treated eyes in any group 
(Table, Figs. 1 and 2). Betaxolol and timolol 
induced a significant reduction in intraocular 
pressure compared to prestudy values (P = .007 
and P = .00016, respectively). No patient had 
an astigmatic refractive error of more than 1 
diopter before or after drug instillation; thus, 
only spherical refraction was taken into ac- 
count. No significant change in spherical re- 
fraction was observed. Pilocarpine induced a 
significant reduction in pupil diameter, from 
3.2 to 1.6 mm (P < .00001), yet there was no 
significant change in mean resolution thresh- 
olds (P = .54). 


TABLE 


Discussion 





Visual field examinations are important in 
the diagnosis and management of glaucoma, 
and all factors that may influence the perimetric 
results have to be evaluated. We attempted to 
demonstrate the potential effects of topical 
antiglaucoma drugs on results from high-pass 
resolution perimetry. 

In differential light-sense perimetry the 
threshold level in one single visual field loca- 
tion may show a variability of 10 dB.° The 
high-pass resolution perimetric technique has 
shown low variability both in normal subjects 
and patients with glaucoma.**"' There is a small 
learning effect, however, between the first and 
second examination in normal subjects, sub- 
jects suspected of having glaucoma, and pa- 
tients with glaucoma,” and a still smaller effect, 
although not statistically significant, over a 
longer period.’ We observed a statistically sig- 
nificant decrease in mean resolution threshold 
values of 0.5 dB between the first- and second- 
examined eyes (P = .031), which indicated a 
learning effect. 

In this single-dose study, we observed no 
statistically significant effects of the tested anti- 
glaucoma drugs on the mean resolution thresh- 
old. The timolol-treated eyes performed slight- 
ly worse compared to the control eyes (mean 
resolution threshold, 4.5 + 0.6 dB compared 
with 4.2 + 0.6 dB), but this difference was not 
statistically significant (P = .18). In patients 
with glaucoma a statistically significant reduc- 
tion in differential light sensitivity has been 
reported after treatment with timolol." 

We observed a significant intraocular pres- 
sure decrease with betaxolol and timolol when 
compared to the prestudy values. There was no 
correlation between intraocular pressure level 


EFFECTS OF TESTED DRUGS ON STUDY FACTORS* 
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Mean resolution 
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intraocular 
pressure (mmHg) 
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Fig. 1 (Martin-Boglind, Graves, and Wanger). Mean 
percentage change in relation to placebo for each 
drug. Open bars indicate pupil size; filled bars indi- 
cate mean resolution threshold; shaded bars indicate 
intraocular pressure; open circle indicates no change 
in pupil size; and filled circle indicates no change in 
mean resolution threshold. 


and mean resolution threshold values in this 
group of normal subjects. None of the drugs 
induced any significant change in refraction, 
presumably because of the age of the subjects 
(range, 61 to 72 years). 

Campbell and Gubisch” determined the eye’s 
optimal optical performance by recording the 
light reflected from the bright image of a thin 
line projected on the fundus through an artifi- 
cial pupil in front of a cycloplegic eye. They 
derived line-spread profiles from Fourier-ana- 
lyzed modulation transfer functions. The most 
narrow profile, which indicated optimal spatial 
resolution, was observed when the pupil diam- 
eter was 1.5 to 2.5 mm. If pupil size was 
reduced much below this, the visual perfor- 
mance deteriorated because of diffraction, de- 
creased illumination, or both. 

McCluskey and associates’ found a statistical- 
ly significant correlation between percentage 
change in pupillary area and visual field by 
pilocarpine-induced miosis with Goldmann pe- 
rimetry. Mikelberg and associates® used Octo- 
pus perimetry (program G1) to demonstrate a 
statistical relationship between the change in 
pupil diameter and mean sensitivity. Linden- 
muth and associates’ reported a 0.67-dB sensi- 
tivity decrease in pilocarpine-treated eyes com- 
pared to baseline visual fields with the 
Humphrey Field Analyzer 30-2. 

In our study, a pilocarpine-induced reduction 
in pupil diameter from 3.2 to 1.6 mm did not 
significantly change the mean resolution 
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Fig. 2 (Martin-Boglind, Graves, and Wanger). 
Graphic printouts of the visual fields from one of the 
subjects. The visual fields were practically identical 
regardless of the drug given. 


threshold value. This finding is in agreement 
with the results from modulation transfer 
measurements. Thus, direct comparisons be- 
tween differential light-sense measurement 
and high-pass resolution perimetry may be less 
relevant, because of the entirely different physi- 
ologic properties of the stimuli. To what extent 
reduction of pupil diameter much below 1.6 
mm would influence the resolution perimetry 
could not be determined from our study. 

Our findings in this single-dose study show 
that the influence of topical administration of 
intraocular pressure~reducing drugs on the 
high-pass resolution threshold is negligible. 
High-pass resolution perimetry may be useful 
for follow-up of patients with glaucoma with 
the previously described learning effect taken 
into account.*” 
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OPHTHALMIC MINIATURE 
Hedonia Hypothesis: noun, a hypothesis in neuropsychology holding 
that stress and other “negative hedonic states” tend to increase a subject’s 


eyeblink frequency, and that “positive hedonic states, 


EF 


such as content- 


ment and pleasure, tend to decrease eyeblink frequency. Also called 
hedonia-blink hypothesis. “In the blink of an eyelash, [Joseph }.] Tecce puts 


to work his hedonia hypothesis. . . 


. [He] has trained his. . . 


eyes on two 


statesmen caught in the crucible of world events, President Bush and... 
Saddam Hussein, who are locked in an eyeball-to-eyeball confrontation in 
the Persian Gulf. If Tecce’s data are accurate, Saddam will blink first in the 


war of nerves” (The Boston Herald). 


Anne H. Soukhanov, The Atlantic 
February 1991, p. 96 











R. B. Vajpayee, M.D., S. K. Angra, M.D., J. S. Titiyal, M.D., 
Y. R. Sharma, M.D., and V. K. Chabbra, M.Sc. 


We studied 16 children, ranging in age be- 
tween 3 and 8 years, who had posterior cham- 
ber intraocular lens implantation and devel- 
oped inflammatory pupillary-block glaucoma. 
Prophylactic peripheral iridectomy had not 
been performed in any of the eyes. The pa- 
tients were treated medically, and YAG laser 
iridotomy was performed successfully one 
week after initial control of intraocular pres- 
sure. Of 16 eyes in which intraocular pressure 
remained uncontrolled, trabeculectomy was 
necessary in three eyes and irreversible glau- 
comatous visual loss occurred in two eyes. 
Our data demonstrate the need for stringent 
and more frequent postoperative follow-up of 
children after intraocular lens implantation, 
especially during the first four postoperative 
weeks. Careful long-term follow-up for treat- 
ment after cataract is mandatory to prevent 
development of amblyopia. 


ĪnrraocuLaR LENS implantation in monocular 
children with aphakia has advantages com- 
pared with the use of spectacles and contact 
lenses.'’ For example, eyes with intraocular 
lenses have better postoperative visual acuity.’ 
Although the long-term results remain un- 
known and secondary membranes, intraocular 
lens precipitates, and postpseudophakos mem- 
brane formation are common complications of 
intraocular lens implantation in children, the 
procedure is likely to be used more frequently! 
We studied 16 children with pupillary-block 
glaucoma after extracapsular cataract extrac- 
tion and posterior chamber intraocular lens 
implantation. 
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Patients and Methods 
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Between September 1988 and January 1990, 
pseudophakic glaucoma was diagnosed in 16 
pediatric patients examined at our institution. 
We reviewed the admission records of these 
patients, including complete preoperative as- 
sessment records, operative notes, and immedi- 
ate postoperative records. Of the 16 implanted 
posterior chamber intraocular lenses, 14 had 
polypropylene haptics and two were single- 
piece, polymethylmethacrylate. We performed 
extracapsular cataract extraction and posterior 
chamber intraocular lens implantation in all 
patients. Peripheral iridectomy was not per- 
formed. All patients had uneventful postopera- 
tive courses and were discharged from the hos- 
pital on the third or fourth postoperative day. 
Topical antibiotic corticosteroid eyedrops and 
ointment were given routinely for all patients. 
Postoperative visual acuity at the time of dis- 
charge ranged between 20/20 and 20/200 (Ta- 
ble). 

In all eyes at the initial examination, slit- 
lamp biomicroscopy disclosed moderate stro- 
mal edema of the cornea, shallow anterior 
chamber, iris bombé, anterior chamber flare 
and cells, and seclusio pupillae caused by iri- 
dopseudophakos synechiae. Exudative deposits 
on the anterior surface of the intraocular lenses 
were also seen. The posterior capsule was intact 
in all eyes. The fundus could not be clearly 
visualized in any of the eyes because of hazy 
media. Intraocular pressure by applanation to- 
nometry ranged between 30 and 60 mm Hg 
(mean, 38.43 mm Hg; standard deviation, + 
8.27 mm Hg). These findings suggested a diag- 
nosis of inflammatory pupillary-block glauco- 
ma. All patients were readmitted, and initial 
treatment included the following: topical 0.1% 
dexamethasone eyedrops four times daily; ti- 
molol eyedrops 0.25% twice daily; 1% tropic- 
amide eyedrops twice daily; systemic oral acet- 
azolamide, 10 mg/kg of body weight per day; 
and prednisolone, 1.5 mg/kg of body weight 
per day. After intraocular pressure was con- 
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TABLE 
DATA ON 16 CHILDREN AFTER EXTRACAPSULAR CATARACT EXTRACTION AND POSTERIOR CHAMBER 
INTRAOCULAR LENS IMPLANTATION® 


eve ETON TEE TE EE Er Tn naar mramntin menace tmeenenentnen nm mera aaan aaae aemm 


POST- INTRA- VISUAL 
TYPE OF OPERATIVE OCULAR ACUITY FINAL VISUAL 
CASE NO., TYPE OF INTRAOCULAR VISUAL PRESSURE AFTER TYPE OF ALTERNATIVE ACUITY AFTER 
AGE (yas), SEX CATARACT LENS ACUITY (MMHG) GLAUCOMA THERAPY RESPONSE THERAPY YAG CAPSULOTOMY 
1,8,M Developmental 'Polymethame- 20/200 34 CF Medical Positive — 10/200 
thylacrylate 

2,6,M Traumatic 3-piece 20/60 38 20/200 Medical Positive — 20/40 

3,3,M Traumatic 3-piece 20/80 NA NA Medical Positive — 20/200 

4,5,M Traumatic 3-piece 20/30 60 NA Medical Negative Trabeculectomy 20/200 

5,6,M Developmental 3-piece 20/30 32 20/200 Medical Positive == 20/20 
6,7,M Developmental 3-piece 20/30 40 20/200 Medical Positive — 20/30 
7,8,M Traumatic 3-piece 20/60 38 CF Medical Positive — 20/40 
8,6,M Developmental 3-piece 20/30 36 20/200 Medical Positive —_ 20/20 
9,5,M  Developmenta! 3-piece 20/40 30 20/200 Medical Positive — 20/40 
10,4,M Traumatic 3-piece 20/60 52 NA Medical Negative Trabeculectomy 20/200 
11,7,M Traumatic 3-piece 20/60 36 20/100 Medical Positive mme 20/60 
12,8,M Developmental 3-piece 20/60 38 20/200 Medical Negative Trabeculectomy 20/60 
13,7,M Traumatic tPolymethame- 20/30 30 20/100 Medical Positive — 20/30 

thylacrylate 

14,6,M Developmental 3-piece 20/40 34 20/200 Medical Positive — 20/30 
15,5,M Traumatic 3-piece 20/60 NA NA Medical Positive — 20/80 
16,6,M Traumatic 3-piece 20/40 40 20/200 Medical Positive —_ 20/30 





*NA indicates not available because the patient was not cooperative, and CF indicates counting fingers. 


t1-piece. 


trolled initially, YAG laser iridotomy was per- 
formed within two to three days in all eyes. 
Initial YAG iridotomy failed in all eyes, but 
repeat YAG iridotomy one week later was per- 
formed successfully in all eyes. In eyes with 
uncontrolled intraocular pressure after medical 
therapy and YAG iridotomy, trabeculectomy 
was performed immediately after inflammation 
was controlled. All patients were examined 
twice weekly for a minimum of three months 
after being discharged from the hospital. 


Results 


All 16 children were boys, ranging in age 
between 3 and 8 years (mean + standard devia- 
tion, 6.06 + 1.43 years). Of 16 eyes, nine had 
traumatic cataracts, and seven had unilateral 
developmental cataracts (Table). None of the 
eyes had preexisting glaucoma. 

The duration between intraocular lens im- 
plantation and initial manifestation of pseudo- 
phakic pupillary-block glaucoma varied be- 
tween 12 and 16 days (mean + standard 
deviation, 14 + 2 days). Initial visual acuity 


with increased intraocular pressure ranged be- 
tween 20/200 and counting fingers in 11 eyes. 
Because of patient noncooperation, visual acu- 
ity could not be recorded in the remaining five 
eyes. Medical therapy controlled inflammation 
and intraocular pressure in 13 eyes. YAG laser 
iridotomy attempted initially on the third or 
fourth postoperative day failed in all the eyes; 
however, it was performed successfully one 
week after attaining medical control of intraoc- 
ular inflammation and increased intraocular 
pressure. 

In three eyes, the inflammation was con- 
trolled with medical therapy and YAG laser 
iridotomy was performed successfully, but in- 
traocular pressure remained increased. In all of 
these eyes, the irides were apposed to the ante- 
rior surface of the intraocular lenses, and exten- 
sive synechial closure of the angle was noted. 
Trabeculectomy in these eyes resulted in con- 
trol of intraocular pressure. None of the eyes 
had any recurrence of glaucoma during a three- 
month follow-up period at our clinic. During 
this period all eyes developed a thick postpseu- 
dophakos membrane, which was managed by 
YAG laser membranectomy. 

Final visual acuity after YAG capsulotomy 
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recorded at the three-month follow-up visit 
showed improvement in 13 eyes (Table). Of the 
three eyes that showed no visual acuity im- 
provement better than 20/200, one had ambly- 
opia. In the remaining two eyes, glaucomatous 
optic atrophy accounted for the visual loss. 





Discussion 





Pseudophakic pupillary-block glaucoma has 
been reported with all types of intraocular 
lenses.** Pupillary block is relatively more com- 
mon after anterior chamber intraocular lens 
implantation than after posterior chamber im- 
plantation." This complication has been de- 
scribed usually in adult age groups.*!!” All of 
our patients were in the pediatric age group, 
between 3 and 8 years of age. 

The exact pathogenesis of pupillary-block 
glaucoma with posterior chamber lenses is not 
clear and may be related to a number of factors, 
including alteration of angle anatomy, forward 
movement of vitreous caused by zonular or 
capsular disruption, and preexisting angle clo- 
sure.” None of our patients had preexisting 
glaucoma, and the posterior capsule was intact 
in all of the eyes. Zonular disruption was not 
suspected in any of the eyes because there was 
no evidence of pupillary plugging by vitreous. 

Postoperative severe inflammation has rarely 
caused pupillary-block glaucoma after intraoc- 
ular lens insertion.’ In our series, all eyes had 
moderate to severe degrees of uveal inflamma- 
tion, which resulted in iridopseudophakos syn- 
echiae and subsequent pupillary-block glauco- 
ma. Inflammation in the postoperative period 
after cataract surgery and intraocular lens im- 
plantation may be related to trauma,’ residu- 
al lens matter,” breakdown of blood-aqueous 
barrier caused by mechanical damage, and 
foreign body-type response to implant materi- 
al.” Also, glaucoma after cataract surgery is 
common in young children and can result from 
a variety of mechanisms, including inflamma- 
tion.” In the eyes in our series, pupillary 
block was attributed to postoperative inflam- 
mation, which resulted in apposition of the iris 
to the intraocular lens. We have seldom noted 
this phenomenon in adults after posterior 
chamber intraocular lens implantation, which 
is performed more frequently. 

Topical miotic therapy has been advocated 
in noninflammatory pseudophakic pupillary- 
block glaucoma.” Use of miotics in pupillary- 


block glaucoma caused by inflammation may 
actually aggravate the condition.’ Medical ther- 
apy with topical corticosteroids, mydriatics and 
cycloplegics, and antiglaucoma drugs resulted 
in control of intraocular pressure in 13 of 16 
patients (81%). Absence or closure of surgical 
iridectomies also predisposes eyes with intra- 
ocular lenses to pupillary block.” Concomi- 
tant surgical iridectomies were not performed 
in any of our patients. Regardless of the mecha- 
nism, once the pupillary block occurs, presence 
of a patent peripheral iridectomy as an alterna- 
tive channel for aqueous flow is of paramount 
importance.”” In all of our patients, successful 
YAG laser iridotomy was performed, but in 
three eyes trabeculectomy was also performed 
because intraocular pressure remained uncon- 
trolled with medical therapy and YAG laser 
iridotomy. To prevent corneal damage, filtra- 
tion surgery by trabeculectomy should be per- 
formed.*” 

Our data suggest a more conservative and 
guarded approach to intraocular lens implanta- 
tion in children. The irreversible visual loss in 
two eyes highlights the need for stringent and 
more frequent postoperative follow-up in pedi- 
atric patients with intraocular lenses, especial- 
ly during the first four postoperative weeks. 
Careful long-term follow-up for treatment after 
cataract is vital to avert development of possi- 
ble rapid amblyopia. Also, the frequent devel- 
opment of postpseudophakos membranes sug- 
gests that primary capsulotomy at the time of 
lens implantation might be preferable. Severe 
adverse consequences of pupillary block sug- 
gest that a routine peripheral iridectomy in 
pediatric intraocular lens procedures should be 
considered. Preoperative use of topical prosta- 
glandin inhibitors may also be potentially use- 
ful. The development of severe inflammation 
with increased intraocular pressure in the early 
postoperative period suggests that secondary 
intraocular lens procedures may be a better 
choice for children’s eyes. 
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Leptomeningeal Dissemination of Optic Pathway Gliomas 
in Three Children 





Carol S. Bruggers, M.D., Henry S. Friedman, M.D., Peter C. Phillips, M.D., 
M. David Wiener, M.D., Beverly Hockenberger, B.H.S., W. Jerry Oakes, M.D., 
and Edward G. Buckley, M.D. 


We treated three children with optic path- 
way gliomas who had progressive disease as- 
sociated with metastatic spread to the lepto- 
meninges. One patient had radiographic 
resolution of leptomeningeal disease after 
treatment with intravenous carmustine and 
oral mercaptopurine but died of progressive 
pulmonary fibrosis. The second patient was 
treated with intravenous thiotepa, and the 
leptomeningeal disease remained stable. The 
third patient was treated with intravenous 
vincristine sulfate, cyclophosphamide, cis- 
platin, and etoposide and had a significant 
size reduction of the leptomeningeal lesion. 
Although leptomeningeal dissemination is a 
seemingly rare event, it is important that all 
children with optic pathway gliomas be con- 
sidered for this possibility, particularly after 
the onset of new, atypical neurologic symp- 
toms. 


Orric PATHWAY GLIOMAS, rare tumors compris- 
ing 1% to 5% of childhood intracranial neo- 
plasms, occur primarily in the first two decades 
of life.’* The clinical course can be variable and 
often unpredictable, ranging from stability of 
both vision and tumor for long periods of time 
to total blindness and death resulting from 
local tumor invasion. Because of this, contro- 
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versy exists regarding the optimal therapy for 
optic pathway gliomas. Proposed therapeutic 
options include observation alone, surgery, ra- 
diation therapy, or chemotherapy. Clinical fea- 
tures influencing the choice of therapy include 
the severity of symptoms, precise location and 
extent of tumor, functional impairment, and 
age of the patient. 

Although most optic pathway gliomas follow 
an indolent course, accelerated local progres- 
sion and, rarely, metastatic spread may occur. 
We treated three children with optic pathway 
gliomas who had progressive disease associat- 
ed with metastatic spread to the leptomeninges. 





Case Reports 





Case 1 

In October 1986, an 8-year-old boy had visu- 
al loss in his right eye, and amblyopia was 
diagnosed. Progressive visual deterioration oc- 
curred despite patching of his left eye. In March 
1987, a cranial computed tomographic scan 
disclosed a 3-cm enhancing, multiloculated, 
cystic mass of the posterior optic chiasm, which 
extended to the anterior base of the brain. An 
exploratory right frontoparietal craniotomy 
was performed, and biopsy of the mass dis- 
closed a pilocytic astrocytoma. The child was 
treated with radiotherapy to the residual mass, 
receiving 5,075 cGy (in daily fractions of 175 
cGy). 

In August 1987, the patient had episodic 
visual disturbance and cognitive disorienta- 
tion. Cranial computed tomography again dis- 
closed the enhancing suprasellar mass, ventric- 
ular enlargement, and new subarachnoid tumor 
dissemination (Fig. 1). Cerebrospinal fluid 
analysis demonstrated a protein level of 364 
mg/dl and clusters of cytologically benign as- 
trocytes, consistent with dissemination of a 
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Fig. 1 (Bruggers and associates). Case 1. Noncontiguous images from contrast-enhanced cranial computed 
tomographic scan show enhancing cystic suprasellar mass (large arrow) with contiguous extension into the right 
sylvian cistern (small arrow) and throughout the right hemispheric sulci (arrowheads). 


mature glioma. A ventriculoperitoneal shunt 
was placed. 

The patient was then treated with oral 6 
mercaptopurine (200 mg/m* on Days 1, 2, and 
3) and a single dose of intravenous carmustine 
(200 mg/m*) given at six-week intervals. A 
cranial computed tomographic scan performed 
after two courses of medication disclosed a 
decrease in both tumor size and subarachnoid 
dissemination. After four courses of medica- 
tion, a cranial computed tomographic scan dis- 
closed further decrease in the tumor size and 
resolution of leptomeningeal disease. The pa- 
tient developed progressive pulmonary fibrosis 
and cor pulmonale, however, which required 
continued intervention with furosemide and 
oxygen and discontinuation of systemic chemo- 
therapy. In March 1988, a cranial computed 
tomographic scan disclosed a slight decrease in 
the tumor mass size and no evidence of sub- 
arachnoid dissemination. Unfortunately, the 
patient died of progressive pulmonary fibrosis 
and severe cor pulmonale. 


Case 2 
A 14-week-old girl was admitted to her local 
hospital for examination because of failure to 


thrive, developmental delay, emesis, and dehy- 
dration. On the third day in the hospital, she 
developed a full, nontense anterior fontanelle 
and rotatory nystagmus. A cranial ultrasound 
disclosed a solid suprasellar mass with mild 
ventriculomegaly. Contrast-enhanced magnet- 
ic resonance imaging disclosed a5 xX 4 x 3-cm 
enhancing tumor in the suprasellar cistern, 
multiple punctate areas of enhancement on the 
surface of the pons, and spinal subarachnoid 
drop metastases (Fig. 2). Results of bone mar- 
row aspirate, bone marrow biopsy, and abdom- 
inal ultrasound showed no evidence of tumor. 
Cerebrospinal fluid analysis disclosed the fol- 
lowing values: protein, 142 mg/dl; glucose, 51 
mg/dl; red blood cell count, 30 cells/jl; white 
blood cell count, 1 cell/pl and a differential of 
100% lymphocytes. Isolated atypical cells were 
also present. The patient was transferred to 
Duke University Medical Center for further 
examination and treatment. 

Upon arrival at Duke University Medical 
Center, the patient was alert with the following 
vital signs and growth variables: heart rate, 140 
beats per minute; blood pressure, 110/68 mm 
Hg; respirations, 32 per minute; weight, 4.67 kg 
(tenth percentile); height, 61.5 cm (60th per- 
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Fig. 2 (Bruggers and associates). Case 2. Composite 
T,-weighted (TR = 500 msec, TE = 20 msec) mid- 
sagittal magnetic resonance images of the cervico- 
thoracic spine with (right) and without (left) gado- 
pentetate dimeglumine contrast enhancement. The 
spinal cord is irregularly widened on the noncontrast 
image (left) with multiple abnormal enhancing le- 
sions in the cranial (arrowhead) and spinal (arrows) 
subarachnoid space consistent with metastases. 


centile); and head circumference, 41 cm (75th 
percentile). The head and neck examination 
showed a full, nonbulging anterior fontanelle, 
mild paralysis of vertical gaze, and diminished 
extraocular movements with pendular nystag- 
mus. Cardiovascular examination disclosed an 
irregular heart rate and periodic hypotension. 
Neurologic abnormalities included weakness 
of the oculomotor, trochlear, and abducent 
nerves, and pendular nystagmus. Ophthalmic 
examination disclosed complete clinical blind- 
ness. 

She was admitted to the pediatric intensive 
care unit because of cardiac instability and 
treated with dexamethasone, 0.35 mg/kg of 
body weight per day, and fluid restriction. Sub- 
total resection of the huge suprasellar mass was 
performed. The mass originated at the optic 
chiasm, encased the vessels of the circle of 
Willis, and impinged bilaterally on the medial 
aspects of the temporal lobes. The right optic 
nerve was enlarged. There were no apparent 
metastatic lesions on the surface of the brain. 
Final pathologic examination disclosed pilo- 
cytic astrocytoma. Postoperative complications 
included diabetes insipidus responsive to des- 
mopressin acetate, periodic hypothalamic auto- 
nomic instability, panhypopituitarism treated 
with corticosteroid and thyroid hormone re- 
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placement, and subsequent development of 
subdural fluid collections requiring placement 
of a shunt. 

A regimen of intravenous thiotepa, 3.25 mg/ 
kg of body weight, at three-week intervals was 
begun. Six weeks later a cranial computed to- 
mographic scan disclosed no change in the 
suprasellar mass when compared with postop- 
erative scans. Myelography disclosed persistent 
subarachnoid drop metastases. After careful 
consideration of the multiple aspects of the 
infant’s problem, her parents decided against 
further therapeutic intervention. As of Novem- 
ber 1990, the patient remained alive, although 
she was severely developmentally and neuro- 
logically compromised. 


Case 3 

A 2-year-old boy was examined at Johns Hop- 
kins University Medical Center in September 
1988 for a two-month history of roving conju- 
gate ocular movements and a one-month histo- 
ry of bumping into objects. A cranial computed 
tomographic scan disclosed an extremely large 
hypothalamic, retrochiasmal multicystic tumor 
with extensions along the optic radiations. He 
had no other symptoms. 

Physical examination showed bilateral optic 
atrophy, diminished visual acuity, a left visual 
field defect, right lateral gaze preference, rov- 
ing nystagmoid pattern of conjugate ocular 
movement that was most prominent on right 
lateral gaze, upbeat nystagmus, and counter- 
clockwise rotatory nystagmus. Plantar stimula- 
tion evoked a flexor response on the left and 
withdrawal on the right. 

On Sept. 26, 1988, the patient underwent 
needle aspiration biopsy and decompression of 
the cysts. Pathologic examination disclosed a 
mature astrocytoma. Cerebrospinal fluid ob- 
tained at that time was suggestive of tumor 
cells, and subsequent myelography demon- 
strated an extensive intradural extramedullary 
lesion extending dorsally from the lower cervi- 
cal region to the lower thoracic region. 

The patient was given chemotherapy with 
intravenous vincristine sulfate and cyclophos- 
phamide alternating with cisplatin and eto- 
poside. There was a greater than 50% reduction 
in the size of the leptomeningeal tumor in 
response to this chemotherapy. 





Discussion 





Optic pathway gliomas are most frequently 
diagnosed during the first 20 years of life. 
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Although the tumor may develop anywhere 
within the optic pathway, most involve the 
optic nerve or the optic chiasm.'* Furthermore, 
20% to 60% of patients with optic pathway 
gliomas also have neurofibromatosis.'’? The 
clinical signs and symptoms at diagnosis in- 
clude visual impairment, strabismus, proptosis, 
optic atrophy with or without swelling of the 
optic disk, and an afferent pupillary defect. 
Increased intracranial pressure may also be 
present and result in headache, nausea, emesis, 
and paralysis of vertical gaze. Hypothalamic 
involvement may be indicated by diabetes in- 
sipidus or precocious puberty. Extensive tu- 
mors may also be noted with diencephalic syn- 
drome manifested as hyperactivity, increased 
alertness, pallor, and emaciation despite seem- 
ingly adequate caloric intake. 

When reviewing the long-term survival data 
from several different studies concerning optic 
pathway gliomas, it becomes clear that consid- 
erable variation in clinical outcome exists.’”"* 
Involvement of the optic chiasm, hydrocepha- 
lus, and increased age at diagnosis are among 
the factors associated with a less favorable 
outcome.®” Flickenger, Torres, and Deutsch’ de- 
scribed 36 pediatric patients with optic path- 
way gliomas treated between 1965 and 1983. 
Actuarial survival of patients with gliomas con- 
fined to the optic nerve was 100% (seven pa- 
tients) at five, ten, and 15 years after diagnosis. 
Actuarial survival of patients with tumors in- 
volving the optic chiasm was 93% (28 of 30 
patients), 90% (27 of 30 patients), and 90% (27 
of 30 patients) at five, ten, and 15 years, respec- 
tively. Imes and Hoyt’ reported an 82% (23 of 
28 patients) 15-year survival rate from optic 
chiasmal tumors. Bilgic and associates* report- 
ed that six of 16 patients (37.5%) with intracra- 
nial optic pathway gliomas were alive eight 
years after diagnosis. Although visual acuity 
remained stable in the survivors, only one pa- 
tient, who underwent biopsy followed by radia- 
tion therapy, had full vision. Hypothalamic 
involvement is also associated with a poorer 
outcome. In a review of published reports with 
a 20-year follow-up, Alvord and Lofton’ report- 
ed that the mortality of patients with untreated, 
uncomplicated optic chiasmal tumors was 47% 
(20 of 43 patients died) as compared with 91% 
(31 of 34 patients died) if the hypothalamus 
was also involved. 

Other reports have described children with 
clinically aggressive optic pathway gliomas de- 
spite displaying histologic features consistent 
with low-grade lesions. De Keizer and associ- 
ates? described a 3-year-old boy with neurofi- 
bromatosis who had a large juvenile pilocytic 


astrocytoma involving the optic nerve and the 
globe with intraocular seeding of the vitreous. 
Although the ocular portion of the tumor was 
composed of a mature astrocytoma, there were 
small islands of grade three astrocytoma in the 
optic canal. Civitello and associates” described 
162 patients with low-grade gliomas; six 
patients (3.7%) had leptomeningeal tumor 
spread. Only one of these patients had an optic 
pathway glioma, which involved the optic chi- 
asm. This patient had dissemination after local 
radiation therapy and died within two years of 
leptomeningeal dissemination. Kocks and asso- 
ciates! described a 10-year-old girl with a juve- 
nile pilocytic astrocytoma of the optic chiasm, 
initially treated with radiation therapy. Six 
years later enlargement of the primary tumor 
produced further visual deterioration. Within 
three years she had lumbar metastases, with the 
histologic characteristics of the tumor identical 
to those of the primary tumor. Trigg, Swanson, 
and Letellier? described a 3%-year-old boy 
with a glioma involving the optic chiasm and 
left optic nerve who was treated with primary 
radiation therapy after placement of a ventricu- 
loperitoneal shunt. After six months the tumor 
progressed, and he was treated with intra- 
venous vincristine and dactinomycin. Four 
months later, he had ascites after the develop- 
ment of cerebrospinal fluid and peritoneal 
seeding with malignant cells. 

No obvious features of a low-grade optic 
pathway astrocytoma are totally predictive of 
biologically aggressive behavior. A worse prog- 
nosis has been described in infants with optic 
pathway gliomas as compared with older chil- 
dren. Kanamori and associates” described sev- 
en pediatric patients with optic pathway glio- 
mas and noted that after a follow-up period 
exceeding eight years, five of seven children 
with childhood gliomas were alive, compared 
with only one of four patients with infantile 
gliomas. One of the patients with infantile 
gliomas died of progressive tumor, one of infec- 
tion, and one of hypothalamic crises. 

Alvord and Lofton devised a mathematic 
model describing the growth kinetics of optic 
pathway gliomas based on time to recurrence of 
disease. They concluded that these histological- 
ly benign gliomas of the optic pathway had a 
variable growth rate ranging along a continuum 
from a simple logarithmic rate to a decelerating 
growth rate. Upon microscopic examination, 
local infiltration of the leptomeninges by tumor 
cells, with sparing of the dura mater, has been 
well described in astrocytomas involving the 
globe and optic nerves, as well as the chiasm 
and adjacent structures, although the clinical 
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prognosis is more favorable in the globe and 
optic nerves." 

The ability to detect neoplastic cells in cere- 
brospinal fluid in patients with benign intracra- 
nial gliomas before surgery has been demon- 
strated. Wilkins and Odom” reported a 25% 
incidence (22 of 87 patients) of neoplastic cells 
from benign intracranial gliomas in the cere- 
brospinal fluid before surgery without a signifi- 
cant increase after surgery. Surgery did not 
seem to play a role in tumor dissemination in 
our three patients, because one of the children 
had widespread disease before surgery, one 
had a needle aspiration biopsy only, and the 
third patient had an open biopsy followed by 
radiation therapy before dissemination. It re- 
mains unclear why in a small percentage of 
patients, leptomeningeal dissemination of low- 
grade astrocytomas occurs. 

Most optic pathway gliomas in children have 
an indolent clinical course, with radiothera- 
py’? and more recently chemotherapy” im- 
proving the duration and quality of survival. 
Despite low-grade histologic features, however, 
occasionally optic pathway gliomas behave ina 
biologically aggressive fashion, with develop- 
ment of leptomeningeal metastases and death. 
Although leptomeningeal dissemination of gli- 
omas generally has a poor prognosis, three 
of the six patients described by Civitello and 
associates” were alive after multiagent sys- 
temic chemotherapy with or without radiation 
therapy. One of these patients was still alive 
more than three years after the diagnosis of 
leptomeningeal dissemination from the spinal 
glioma. 

With improved radiologic diagnostic capa- 
bilities, earlier detection of leptomeningeal 
spread may be possible and may impact signifi- 
cantly upon treatment planning and overall 
prognosis. It is important that all children with 
optic pathway tumors be considered for this 
possibility, particularly patients who have 
large, infiltrating chiasma! tumors and patients 
with new, atypical neurologic symptoms. In- 
creased awareness of this potential problem 
should prompt a more extensive examination in 
this subgroup of patients with optic pathway 
gliomas, including cranial and spinal gadolini- 
um-enhanced magnetic resonance imaging and 
cerebrospinal fluid examination. 
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Optic Nerve Sheath Decompression for the Treatment of 
Progressive Nonarteritic Ischemic Optic Neuropathy 


Thomas C. Spoor, M.D., Michael J. Wilkinson, M.D., and John M. Ramocki, M.D. 


We performed optic nerve sheath decom- 
pression on four patients (five eyes) with visu- 
al loss secondary to nonarteritic anterior is- 
chemic optic neuropathy. Four of the five eyes 
had marked improvement in visual function 
after the operation. Optic nerve sheath de- 
compression is an effective treatment for pa- 
tients with nonarteritic ischemic optic neu- 
ropathy and progressive visual loss. 


NownarteEritiC ISCHEMIC OPTIC NEUROPATHY 
causes mild to marked visual loss and occurs 
typically in older patients, who have sudden, 
painless loss of visual function, an afferent 
pupillary defect, and optic disk edema.’ For 
most patients, the visual loss is sudden and 
stable; however, in a small percentage of pa- 
tients, ranging from 4% to 30%, the visual loss 
may progress within six weeks.** Spontaneous 
subsequent visual improvement is rare. 

Recently, optic nerve sheath decompression 
has been advocated for the treatment of pro- 
gressive nonarteritic ischemic optic neuropa- 
thy.’ The effectiveness of this treatment has 
raised some controversy." We treated four pa- 
tients (five eyes), who had progressive nonar- 
teritic ischemic optic neuropathy, by optic 
nerve sheath decompression. Four of the five 
eyes showed improved visual acuity and expan- 
sion of the visual fields; one eye with nonpro- 
gressive total loss of vision showed no signifi- 
cant postoperative improvement. Our results 
support the previous findings that optic nerve 
sheath decompression improves visual loss 
caused by progressive nonarteritic ischemic op- 
tic neuropathy, a disorder previously without a 
successful therapy. 
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Patients and Methods 


The diagnosis of nonarteritic ischemic optic 
neuropathy was made after a complete neuro- 
ophthalmic examination. After progressive loss 
of visual function occurred and was document- 
ed, all patients underwent optic nerve sheath 
decompression with lysis of presumed arach- 
noid adhesions by one of us (T.C.S.) with a 
previously described surgical technique.” 

All patients showed decreased central visual 
acuity and visual field deficits associated with 
optic disk edema and peripapillary nerve fiber 
layer hemorrhages. No inflammatory reaction 
occurred in the eyes. 

All patients had normal Westergren sedimen- 
tation rates (< 30 mm/hour) and normal results 
of computed tomography of the head and or- 
bits. Preoperative standardized echography 
with the 30-degree test demonstrated fluid 
within the optic nerve sheath in two patients. 
No patient had previous visual dysfunction or 
neurologic dysfunction consistent with inflam- 
matory optic neuritis, demyelination, or pseu- 
dotumor cerebri. 
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Case 1 

A 66-year-old man, who had a history of 
hypertension and a myocardial infarction one 
year previously, noted a sudden, painless loss 
of vision in his left eye for one week. He had a 
large relative afferent pupillary defect in the 
left eye. Visual acuity was R.E.: 20/20 and L.E.: 
hand motions. Intraocular pressure was R.E.: 
16 mm Hg and L.E.: 14 mm Hg. Ophthalmosco- 
py disclosed slight pallor of the left optic disk 
with mild swelling of the peripapillary nerve 
fiber layer. The right optic disk appeared nor- 
mal. The patient was given intravenous mega- 
dose corticosteroids for three days without res- 
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olution. Results of a temporal artery biopsy 
were negative. Results of computed tomogra- 
phy, spinal fluid pressure, serologic studies, 
Westergren sedimentation rate, and blood cell 
count were all normal. His vision remained 
stable until January 1989, at which time he 
noted a decrease in vision of his right eye. 
Visual acuity in the right eye decreased to 
20/25, and an inferonasal visual field defect 
sparing fixation was noted. 

On follow-up examination on week later, 
visual acuity decreased to 20/50 in the right 
eye and remained hand motions in the left eye. 
A relative afferent pupillary defect persisted in 
the left eye. The anterior chamber was quiet. 
Ophthalmoscopy disclosed an edematous optic 
disk with hemorrhages in the right eye and a 
pale, atrophic optic disk in the left eye. The 
inferonasal visual field defect in the right eye 
had progressed and became markedly constrict- 
ed (Fig. 1). 

Results of serologic tests and complete blood 
cell count were normal. Westergren sedimenta- 
tion rate was 18 mm/hour. Results of computed 
tomography of the head and orbit were nega- 
tive, and a lumbar puncture disclosed clear, 
colorless cerebrospinal fluid with normal pres- 
sure, protein, and glucose levels. No pleocyto- 
sis was noted. Standardized echography with 
the 30-degree test disclosed normal fluid accu- 
mulation in the right optic nerve sheath. 

Three days later, a right optic nerve sheath 
decompression with lysis of arachnoid adhe- 
sions was performed. After the operation, visu- 
al acuity improved to 20/25 in the right eye and 
remained hand motions in the left eye. Gold- 
mann visual field testing showed expansion of 
the right visual field (Fig. 2). Visual acuity and 
visual fields have remained stable for 18 
months. 





Fig. 1 (Spoor, Wilkinson, and Ramocki). Case 1. 
Preoperative visual field with visual acuity of 20/50 
in the right eye. 
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Fig. 2 (Spoor, Wilkinson, and Ramocki). Case 1. 
Postoperative visual field with visual acuity of 20/25 
in the right eye. 


Case 2 

A 72-year-old man noted progressive, pain- 
less visual loss for one month. He had been 
examined by his ophthalmologist approximate- 
ly two months before this visual loss with 
best-corrected visual acuity of 20/20 in both 
eyes. The patient had had hypertension and 
coronary artery disease. 

Visual acuity was R.E.: 20/200 and L.E.: 
counting fingers at 2 feet with a relative afferent 
pupillary defect on the left side. Visual fields 
demonstrated marked constriction and a cen- 
tral scotoma in the right eye and peripheral 
constriction and a relative central scotoma in 
the left eye (Fig. 3). Intraocular pressure was 
normal. No ocular inflammation was noted. 
Ophthalmoscopy disclosed marked optic disk 
edema with peripapillary nerve fiber layer hem- 
orrhages in both eyes. Results of serologic tests 
and complete blood cell count were normal. 
Westergren sedimentation rate was 24 mm/ 
hour. Results of computed tomography and 
lumbar puncture including intracranial pres- 
sure were also normal. Results of a left tempor- 
al artery biopsy were negative. 

Optic nerve sheath decompression was per- 
formed on the left eye. One week after the 
operation, visual acuity improved to 20/60, 
and the visual field expanded (Fig. 4). Visual 
acuity and visual fields have remained stable 
for four months. Visual acuity improved to 
20/25 in the unoperated on eye, and the visual 
field expanded (Fig. 4). 


Case 3 

A 62-year-old man had bilateral loss of vision 
after coronary artery bypass surgery. The pa- 
tient had had hypertension, coronary artery 
disease, and diabetes mellitus. Visual acuity 
was R.E.: 20/30 and L.E.: no light perception. 
The right pupil reacted sluggishly to light, 
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Fig. 3 (Spoor, Wilkinson, and Ramocki). Case 2. 
Preoperative visual field with visual acuity of R.E.: 
20/50 and L.E.: counting fingers at 2 feet. 


and the left pupil was amaurotic. The patient 
had bilateral pseudophakia. Ophthalmoscopy 
showed pallor and optic disk edema in both 
eyes. An inferior altitudinal visual field defect 
was noted in the right eye. One week later, 
visual acuity decreased to 20/400 in the right 
eye. The visual field was markedly contracted 
(Fig. 5). Visual acuity in the left eye remained 
no light perception. The left pupil was amaurot- 
ic, and the right pupil reacted poorly to light. 
The anterior segment was not inflamed. Oph- 
thalmoscopy disclosed bilateral pallor and disk 
swelling with nerve fiber layer hemorrhages. 
Results of computed tomography, lumbar 
punctures, and the Westergren sedimentation 
rate (25 mm/hour) were normal. 

The patient underwent bilateral optic nerve 
sheath decompression with lysis of arachnoid 
adhesions. One day postoperatively, visual acu- 
ity improved to R.E.: 20/50 and L.E.: light 
perception. The right visual field improved sig- 
nificantly. One month after the operation, visu- 
al acuity was 20/25 in the right eye. An infero- 
nasal defect was noted on the visual field (Fig. 





Fig. 5 (Spoor, Wilkinson, and Ramocki). Case 3. 
Preoperative visual field with visual acuity of 20/400 
in the right eye. 
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Fig. 4 (Spoor, Wilkinson, and Ramocki). Case 2. 
Postoperative visual field with visual acuity of R.E.: 
20/25 and L.E.: 20/100. 


6). Visual acuity in the left eye remained light 
perception. 


Case 4 

A 61-year-old woman noted sudden, painless 
visual loss in her right eye that progressed 
during one week to severe visual loss. The 
patient had had hypertension and diet-con- 
trolled diabetes mellitus. On successive exami- 
nations, visual acuity decreased from 20/25 to 
20/80 to hand motions in the right eye. Visual 
acuity in the left eye remained 20/25. The 
anterior segment was normal in both eyes, the 
right optic disk was edematous, and the left 
optic disk was normal. Visual field examination 
showed a dense central scotoma in the right eye 
(Fig. 7). Results of computed tomography of the 
head and orbits and lumbar puncture were 
negative. Results of serologic tests and com- 
plete blood cell count were normal. Westergren 
sedimentation rate was 27 mm/hour. Standard- 
ized echography with the 30-degree test dem- 
onstrated fluid in the right optic nerve sheath. 

A right optic nerve sheath decompression 





RHEE 
SAFER NA EEE 
a 255 € pa ĝ 358 t 00 
Fig. 6 (Spoor, Wilkinson, and Ramocki). Case 3. 
Postoperative visual field with visual acuity of 20/25 
in the right eye. 
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Fig. 7 (Spoor, Wilkinson, and Ramocki). Case 4. 
Preoperative visual field with visual acuity of hand 
motions in the right eye. 


was performed. One month after the operation, 
visual acuity improved to 20/25 in the right eye 
with marked improvement of the visual field 
(Fig. 8). This improvement has remained stable 
for five months. 





Results 





All four eyes undergoing optic nerve sheath 
decompression for progressive nonarteritic is- 
chemic optic neuropathy had significant im- 
provement in visual function (Table). Visual 
improvement has remained stable for five to 30 
months after optic nerve sheath decompression 
(average, 14 months). Visual acuity in one eye 
with sudden and total visual loss improved to 
light perception after optic nerve sheath de- 
compression. We do not consider this improve- 
ment significant or the visual loss progressive. 
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LEFT RIGHT 
Fig. 8 (Spoor, Wilkinson, and Ramocki). Case 4. 
Postoperative visual field with visual acuity of 20/25 
in the right eye. 


Standardized echography of the retrobulbar 
optic nerve was performed in two patients. 
Both had intrasheath fluid and positive results 
of the 30-degree test. At surgery, these nerve 
sheaths appeared distended, and a moderate 
amount of cerebrospinal fluid was drained 
upon incision of the nerve sheath. No hemor- 
rhage was noted in any optic nerve sheath at the 
time of decompression. 


Discussion 


ts sumennamanmelanmenaienmemtannteime ra Si n ie ah ha rmen r aaae anaa a a a 


Optic nerve sheath decompression reverses 
visual dysfunction caused by acute and chronic 
papilledema, presumably by increasing vascu- 
lar perfusion and decreasing axoplasmic sta- 
sis.'®! We performed optic nerve sheath decom- 
pression with lysis of arachnoid adhesions on 
five eyes of four patients with progressive se- 


TABLE 
CHARACTERISTICS OF PATIENTS UNDERGOING OPTIC NERVE SHEATH DECOMPRESSION FOR NONARTERITIC 
ISCHEMIC OPTIC NEUROPATHY” 


NNN TTET AA AAAA AAAA iaaa A AAA Aidanin ANAA a aE ETA ARARA A 
INITIAL 


PREOPERATIVE POSTOPERATIVE 
CASE NO., VISUAL ONSET TO 
AGE (yrs), SEX EYE  ACUITY VISUAL ACUITY VISUAL FIELD VISUAL ACUITY VISUAL FIELD SURGERY 
1,66,M R.E. 20/25 20/50 inferior altitudinal 20/25 Inferonasal defect, 10 days 
defect fixation spared 
2,72,M L.E. 20/100 CF at 2 ft Centrai scotoma, 20/100 Relative central 1 month 
peripheral constriction scotoma 
R.E. 20/200 20/200 Relative central, 20/25 Full Nonoperated 
peripheral constriction on fellow eye 
3, 62, M R.E. 20/30 20/400 inferior altitudinal, 20/25 inferonasal defect, 1 week 
fixation involved fixation spared 
L.E. NLP NLP NP LP NP 1 week 
4, 61, F R.E. 20/25 HM Central scotoma 20/25 Full 1 week 


ELLEN LL TE TT LNA ND TCO AAAA AAAA ISEAANGH Ar trE R aaia Arc A a i inet vee n. 


*CF indicates counting fingers; NLP indicates no light perception; NP indicates not performed; LP indicates light perception: and HM X ue 


indicates hand motions. 
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vere visual loss secondary to nonarteritic ische- 
mic optic neuropathy. Our results correlate 
well with the data of Sergott and associates.’ 
Four of the five eyes had improved visual acuity 
and expansion of their visual fields after optic 
nerve sheath decompression and lysis of arach- 
noid adhesions. These results are markedly 
better than the natural course of progressive 
nonarteritic ischemic optic neuropathy.” 

Visual acuity improved within one week and 
continued to improve for several months before 
stabilizing. Surgical intervention need not be 
emergent, since visual improvement after the 
operation was noted by us as well as by Sergott 
and associates’ even when performed 30 days 
after the onset of visual symptoms. Repeated 
neuro-ophthalmic examination, including visu- 
al acuity and visval field testing, should be 
done weekly after the initial diagnosis of non- 
arteritic ischemic optic neuropathy to detect 
progression of the disease. If progressive visual 
loss ensues, optic nerve sheath decompression 
should be considered. 

We believe that optic nerve sheath decom- 
pression provides a rational therapy for pro- 
gressive nonarteritic ischemic optic neuropa- 
thy. This procedure addresses the relationship 
between relative ischemia and axoplasmic 
transport stasis by decreasing axonal swelling 
at the optic nerve head that would otherwise 
potentiate axonal ischemia and nerve fiber at- 
trition. 

No other treatment has been shown to be 
effective in the management of this disease. 
Visual outcome in patients with progressive 
nonarteritic ischemic neuropathy has been 
poor.!? Optic nerve sheath decompression with 
lysis of arachnoid adhesions is an effective 
treatment for progressive nonarteritic ischemic 
optic neuropathy as demonstrated by both our 
results and those of Sergott and associates.” We 
believe the decrease of perineural pressure and 
the return of axoplasmic flow at the optic disk 
decreases optic disk swelling and prevents fur- 
ther axonal attrition, which breaks the edema- 
ischemia cycle that probably causes the pro- 
gressive nature of this disease. 

The patient in Case 2, with bilateral nonarter- 
itic ischemic optic neuropathy, showed dramat- 
ic improvement in visual function in the right 
eye after optic nerve sheath decompression in 
the more severely affected left eye. Visual acu- 
ity increased from 20/60 to 20/25, and the 
visual field improved markedly (Table). Our 
other patients had either unilateral disease and 
a normal contralateral eye (Case 4), optic atro- 
phy from previous arteritic ischemic optic neu- 


ropathy (Case 1), or total visual loss in the 
contralateral eye (Case 3). Sergott and associ- 
ates’ described similar improvement in the non- 
operated on eyes in two of seven patients with 
bilateral ischemic optic neuropathy. It is not 
known whether this is because of decreased 
perineural pressure in the fellow eye or in- 
creased blood flow. 

Our data support that previously published 
by Sergott and associates,’ which demonstrated 
improved visual function after optic nerve 
sheath decompression with lysis of arachnoid 
adhesions for progressive nonarteritic ischemic 
optic neuropathy. Optic nerve sheath decom- 
pression should be considered when nonarter- 
itic ischemic optic neuropathy is diagnosed ina 
patient with progressive visual dysfunction. 
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Magnetic Resonance Imaging Signs of Optic Nerve 


Gliomas in Neurofibromatosis 1 





Richard K. Imes, M.D., and William F. Hoyt, M.D. 


We reviewed the magnetic resonance images 
of four children with neurofibromatosis 1 and 
orbital optic gliomas. The images showed 
double-intensity tubular thickening charac- 
teristic of perineural arachnoidal gliomatosis, 
elongation of the nerves, and downward kink- 
ing of the nerves in the midorbit. We believe 
these findings typify the orbital gliomas in 
patients with this disease. 


In patients wiru GLiomas of the optic pathway, 
the first neuroradiologic sign recognized as spe- 
cific for neurofibromatosis 1 was bilaterality.’ 
The second sign was a fusiform tumor of high 
signal intensity surrounding a core of lower 
signal intensity on T,-weighted magnetic reso- 
nance images.’ Such a radiologic appearance 
corresponds to the histopathologic pattern of 
perineural arachnoidal gliomatosis, which is a 
special feature of orbital gliomas in neurofibro- 
matosis 1. 

We studied additional features of orbital glio- 
mas in neurofibromatosis 1 seen on magnetic 
resonance images, including double-intensity 
tubular thickening, elongation, and downward 
kinking of the nerves. 





Patients and Methods 





We reviewed the magnetic resonance images 
of four patients with neurofibromatosis 1 who 
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were examined either in the Neuro-ophthal- 
mology Unit at the University of California, 
San Francisco, or in the eye clinic at Oakland 
Naval Hospital. The images of all four patients 
showed evidence of chiasmal and bilateral or- 
bital optic gliomas. Three patients had multiple 
café au lait spots, and T,-weighted magnetic 
resonance images of their brains showed scat- 
tered foci of high signal intensity. The fourth 
patient had no signs of neurofibromatosis 1 
other than a glioma involving the chiasm and 
both optic nerves. Magnetic resonance imaging 
was performed on various scanners without 
contrast enhancement. 





Case Reports 





Case 1 

A 16-year-old girl with multiple café au lait 
spots developed hydrocephalus caused by a 
cerebellar pilocytic astrocytoma. She had un- 
dergone surgery for partial removal of an optic 
glioma from her right orbit. She had visual 
acuity of 20/25 and loss of the superior visual 
field in her left eye. 

A T,-weighted axial magnetic resonance im- 
age showed tortuous tubular thickening of both 
optic nerves (Fig. 1). Anteriorly, the right optic 
nerve was absent, and the left optic nerve had 
an area of low signal intensity around a core of 
higher signal intensity. The left optic nerve was 
elongated and bent downward sharply in the 
midorbit (Fig. 2). A T.-weighted image showed 
a midline cerebellar tumor, dilated lateral ven- 
tricles, and bilateral thickening of the orbital 
optic nerves (Fig. 3). Anteriorly, the left optic 
nerve had a zone of high signal intensity 
around a core of low signal intensity. Removal 
of the cerebellar tumor provided relief of the 
hydrocephalus, but both optic nerves contin- 
ued to show zones of high signal intensity 
surrounding a core of low signal intensity 


(Fig. 4). 
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Fig. 1 (Imes and Hoyt). Case 1. T;-weighted axial 
magnetic resonance image. Anteriorly in the left 
optic nerve, an area of low signal intensity surrounds 
a core of higher signal intensity (arrow). 


Case 2 

An 8-year-old girl had multiple café au lait 
spots and a plexiform neuroma of the right 
upper eyelid at the initial examination. The 
child was adopted, and her family history was 
unknown. In the right eye, visual acuity was 
20/20 with a full visual field and a normal optic 
disk; in the left eye, visual acuity was counting 
fingers with a constricted visual field and a pale 
optic disk. 

T,-weighted sagittal magnetic resonance im- 
ages of the left optic nerve showed tubular 
thickening (Fig. 5). The nerve was elongated 
and bent downward. An area of low signal 
intensity surrounded a core of higher intensity. 
On a T,-weighted axial image, the left optic 
nerve appeared kinked (Fig. 6). Anteriorly, an 
area of high signal intensity surrounded a core 
of lower signal intensity. 


Case 3 

A 21-month-old girl with no family history of 
neurofibromatosis was examined for multiple 
café au lait spots. She was able to fix and follow 








Fig. 2 (Imes and Hoyt). Case 1. T,-weighted sagittal 
magnetic resonance image of the left orbit. The optic 
nerve is elongated and bent downward in the midor- 
bit. 





Fig. 3 (Imes and Hoyt). Case 1. Preoperative T,- 
weighted axial magnetic resonance image shows a 
large mass in the posterior fossa with high signal 
intensity and dilated lateral ventricles. Anteriorly in 
the left optic nerve, a thick rim of high signal intensi- 
ty surrounds a core of lower signal intensity (arrow). 
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Fig. 4 (Imes and Hoyt). Case 1. Postoperative T,- 


weighted axial magnetic resonance image shows res- 
olution of the hydrocephalus. The optic nerve images 
are unchanged from their preoperative appearance. 


small objects with each eye, and her confronta- 
tion visual fields were full. Both optic disks 
were mildly pale. 
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A T.-weighted axial image showed tubularly 
thickened, kinked optic nerves (Fig. 7). Anteri- 
orly, each nerve showed a rim of high signal 
intensity surrounding a core of low signal in- 
tensity. 


Case 4 

An optic glioma involving the chiasm and 
both optic nerves was discovered in a 10- 
month-old boy after his mother noticed fine 
rotatory movements of his left eye. After a trial 
of occlusion therapy for amblyopia, the patient 
was followed up without treatment. When he 
was 4 years of age, visual acuity was R.E.: 
central, steady, and maintained and L.E.: cen- 
tral, steady, but not maintained. Left esotropia 
of 40 prism diopters was observed, and both 
optic disks were pale. There was no family 
history of neurofibromatosis, and the child had 
no signs of neurofibromatosis other than the 
bilateral optic glioma. 

A T weighted parasagittal magnetic reso- 
nance image showed tubular thickening of the 
left orbital optic nerve (Fig. 8). The nerve was 
elongated and kinked downward in the midor- 
bit. An area of low signal intensity surrounded 
a core of higher signal intensity. The Ty 
weighted axial image showed tubular thicken- 
ing of both orbital optic nerves (Fig. 9). A zone 
of high signal intensity surrounded a core of 
lower signal intensity in both nerves. The left 
nerve was severely kinked. 





Fig. 5 (Imes and Hoyt). Case 2. T,-weighted sagittal magnetic resonance images of the left orbit. The optic 
nerve is tubularly thickened, elongated, and bent sharply downward in the midorbit. 
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Fig. 6 (Imes and Hoyt). Case 2. T,-weighted axial 
magnetic resonance image. Anteriorly in the left 
optic nerve, an area of high signal intensity sur- 
rounds a core of lower signal intensity (arrow). 


Discussion 


In 1980, Stern, Jakobiec, and Housepian’ re- 
viewed the histopathologic features of 34 orbit- 
al optic gliomas. They showed that a circumfer- 
ential perineural pattern of tumor, which they 
termed perineural arachnoidal gliomatosis, was 
highly characteristic of optic nerve gliomas 
associated with neurofibromatosis 1 (then 
called von Recklinghausen’s neurofibromato- 
sis). Of the 18 tumors from patients with neuro- 
fibromatosis 1, 17 had this pattern of tumor 
growth. From patients without neurofibromato- 
sis 1, however, only two of 16 tumors showed 
this pattern. In tumors with perineural arach- 
noidal gliomatosis, the epipial-subarachnoid 
space was widened by proliferating islands of 
loosely textured astrocytes or fascicles of astro- 
cytes, intermixed with reactive proliferation of 
the fibrovascular arachnoidal trabeculae.’ In 
contrast to the compact neural portion of the 
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Fig. 7 (Imes and Hoyt). Case 3. T,-weighted axial 
magnetic resonance image. The optic nerves are 
tubularly thickened and kinked. Anteriorly in each 
nerve, arim of high signal intensity surrounds a core 
of low signal intensity. 


tumor, the perineural subarachnoid component 
frequently exhibited mucinous and microcystic 
degeneration in which protoplasmic as well as 
fibrillary astrocytes were suspended.” 

In 1987, Seiff and associates” described a 
4-year-old child with neurofibromatosis 1 who 
had progressive proptosis and blindness of the 
right eye. T,-weighted axial magnetic reso- 
nance images of the orbital optic nerve showed 
an area of high signal intensity surrounding a 
central linear core of lower signal intensity. In 
histopathologic sections, the tumor had thick 
myxoid proliferation of glial cells, fibroblasts, 
meningoepithelial cells, and blood vessels in 
the subarachnoid space surrounding a more 
compact intraneural tumor. The authors attrib- 
uted the perineural rim of high signal intensity 
in T,-weighted images to high water content in 
the myxomatous tissue. 

In a 3-year-old boy with neurofibromatosis 1, 
de Keizer and associates’ studied the Ty 
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Fig. 8 (Imes and Hoyt). Case 4. T,-weighted para- 
sagittal magnetic resonance image of the left orbit. 
The optic nerve is tubularly thickened, elongated, 
and kinked downward in the midorbit. An area of low 
signal intensity surrounds a core of higher signal 
intensity. 


weighted axial and sagittal magnetic resonance 
images, which showed a left optic glioma with 
high signal intensity surrounding a core of 
lower signal intensity.‘ Anteriorly, the nerve 
buckled downward so sharply that it appeared 
folded. The high signal intensity corresponded 
histologically with the description of perineu- 
ral arachnoidal gliomatosis by Stern, Jakobiec, 
and Housepian.° 

On magnetic resonance images, perineural 





Fig. 10 (Imes and Hoyt). Drawings in axial planes of 
orbital optic nerve glioma in a patient with neurofi- 
bromatosis 1 depicting perineural arachnoidal glio- 
matosis, tubular thickening, elongation, and down- 
ward kinking. 
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Fig. 9 (Imes and Hoyt). Case 4. T,.-weighted axial 
magnetic resonance image. A zone of high signal 
intensity surrounds a core of lower signal intensity in 
each tubularly thickened optic nerve. 


arachnoidal gliomatosis has the signal charac- 
teristics of water. Because it surrounds the 
nerve, it has been mistaken for cerebrospinal 





Fig. 11 (Imes and Hoyt). Drawing in a parasagittal 
plane of orbital optic nerve glioma in a patient with 
neurofibromatosis 1 depicting perineural arachnoi- 
dal gliomatosis, tubular thickening, elongation, and 
downward kinking. 
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fluid in a patulous, dilated subarachnoid 
space.°* In Case 1, however, the rim did not 
diminish in size after relief of hydrocephalus, 
which proved that the high signal intensity 
represented tumor, not cerebrospinal fluid. 

In all four of our cases, we interpret the 
waterlike, proton-rich signal surrounding the 
optic nerves as perineural arachnoidal glioma- 
tosis, an identifying characteristic of orbital 
glioma in neurofibromatosis 1. Although no 
café au lait spots were seen in the patient in 
Case 4, we believe that the orbital tumors of 
this child were a result of the neurofibromatosis 
1 genetic defect. 

The magnetic resonance images of our pa- 
tients showed features of perineural arachnoi- 
dal gliomatosis in nerves that were less affected 
than those previously reported. In one patient 
(Case 3), imaging was performed on a child 
with no symptoms as part of a routine examina- 
tion for neurofibromatosis 1. Another child had 
one optic nerve that appeared normal ophthal- 
moscopically and functioned normally, al- 
though both optic nerves showed perineural 
arachnoidal gliomatosis. 

Tortuosity of the orbital optic nerve in neuro- 
fibromatosis 1, as seen on the sagittal magnetic 
resonance views in our patients. reflects nerve 
elongation. This elongation can be striking; in 
some patients, nerves reach 1% times their 
normal length. When elongated, the nerve rou- 
tinely appears deflected or kinked downward. 
We speculate that the elongation is caused by 
axial growth of perineural tumor and that the 
downward deflection is simply a result of avail- 
able space in the middle and anterior portions 
of the orbit. The amount of deflection can be 
expected to vary with the direction of gaze, and 
these findings may change with age. The kink- 
ing can be extreme in some cases (Figs. 5, left 
and 8). In the case reported by de Keizer and 
associates,‘ the distal optic nerve was buckled 
on itself. 

These findings of double-intensity tubular 


thickening, elongation, and downward kinking 
on magnetic resonance images (Figs. 10 and 
11), in addition to bilaterality, indicate the 
presence of neurofibromatosis 1. Increasingly, 
these nerve changes will be discovered in pro- 
spective surveys of families with neurofibroma- 
tosis 1. 
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The Effect of Preoperative Flurbiprofen on Miosis 


Produced by Acetylcholine During Cataract Surgery 





Jonathan M. Holmes, B.M., B.Ch., and Walter M. Jay, M.D. 


Sustained pupillary dilation during cataract 
surgery may be achieved with preoperative 
noncorticosteroidal anti-inflammatory agents 
such as flurbiprofen. However, these agents 
may interfere with miosis after injection of 
acetylcholine. Thirty patients for extracapsu- 
lar cataract extraction were randomly as- 
signed in a double-masked fashion to receive 
either a placebo or preoperative 0.03% flurbi- 
profen every 30 minutes for four doses. All 
patients also received three doses of 2.5% 
phenylephrine and 2% cyclopentolate. Pupil- 
lary diameter was measured the day before 
surgery, immediately before the surgical inci- 
sion, immediately before and five minutes 
after acetylcholine injection, and the morning 
after surgery. The flurbiprofen group had a 
larger mean pupillary diameter before injec- 
tion of acetylcholine (P < .001), five minutes 
after acetylcholine (P < .001), and on the first 
postoperative day (P < .005). 


Preoperative NONCORTICOSTEROIDAL anti-in- 
flammatory agents, such as flurbiprofen, have 
been used in cataract surgery to produce sus- 
tained intraoperative pupillary dilation.’® Pre- 
mature miosis during cataract surgery may 
make removing the nucleus, aspirating the cor- 
tex, and placing a posterior chamber intraocu- 
lar lens difficult.’°4 

At the conclusion of surgery many surgeons 
inject a cholinergic agent such as acetylcholine 
to produce pupillary constriction. Inadequate 
miosis at this stage may increase the incidence 
of partial or total dislocation of the intraocular 
lens into the anterior chamber.’ The incidence 


Accepted for publication March 26, 1991. 

From the Department of Ophthalmology, Loyola Uni- 
versity Medical Center, Maywood, Illinois; and Hines 
Veterans Administration Hospital, Hines, Ilinois. 

Reprint requests to Jonathan M. Holmes, B.M., B.Ch., 
Department of Ophthalmology, Loyola University, 2160 
5. First Ave., Maywood, IL 60153. 


AMERICAN JOURNAL OF OPHTHALMOLOGY 111:735~-738, JUNE, 1991 


of partial dislocation has been reported to be 
1% to 3%." These complications may necessi- 
tate intraocular lens repositioning, removal, or 
exchange. 

The question of whether the use of preop- 
erative noncorticosteroidal anti-inflammatory 
drugs interferes with miosis produced by ace- 
tylcholine has been investigated in animals.” 
Ozog and associates? demonstrated a reduced 
miotic response, in albino rabbits, to anterior 
chamber irrigation with acetylcholine on pre- 
treatment with flurbiprofen. Zimm and associ- 
ates” found no difference in miosis when experi- 
ments were repeated in pigmented rabbits, but 
their sample size may have been too small fora 
negative result to be significant. 

We investigated the effect of pretreatment 
with topical flurbiprofen on the mictic effect of 
acetylcholine during cataract surgery in hu- 
mans. 


Umme airin niimnannemianmeanan innein termein itear 


MA MAA AATE RN RE A ATARATE AE EA AAE AL AA EE EAEAN EAA AE E 


A randomized, double-masked study of pre- 
operative flurbiprofen and a placebo was per- 
formed on pupil size before, during, and after 
cataract surgery. Thirty-four patients for extra- 
capsular cataract extraction with posterior 
chamber intraocular lens were enrolled consec- 
utively at a single Veterans Administration 
Hospital. Patients were enrolled without regard 
to age, race, or gender, Patients were excluded 
from enrollment if they had had previous ocu- 
lar surgery on the affected eye, were taking 
miotic glaucoma medications, had a history of 
herpes simplex keratitis, or were taking antico- 
agulants or anticholinergic medications. Pa- 
tients were instructed to cease all noncortico- 
steroidal anti-inflammatory medications for 
one week before surgery. If they were unable to 
comply, they were excluded from enrollment. 
Patients were also excluded from analysis if 
during the procedure a break in the posterior 
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capsule was noted or if sphincterotomies were 
necessary. Approval from the Human Studies 
Committee was obtained and informed consent 
was obtained from each patient meeting the 
enrollment criteria. 

After enrollment patients were randomly as- 
signed to receive either flurbiprofen 0.03% or 
artificial tears consisting of 1% polyvinyl alco- 
hol (Hypotears). The drops were dispensed in 
bottles bearing only the patient number and 
were administered by the ward nursing staff. 
One drop was given every 30 minutes starting 
two hours before surgery for a total of four 
doses (as suggested in the manufacturer's in- 
structions for flurbiprofen). The patients also 
received 2.5% phenylephrine and 2% cyclopen- 
tolate every five minutes for a total of three 
drops each, starting 30 minutes before surgery. 

Surgery was performed by a single surgeon 
(j.M.H.) who used the same technique. All 
patients received a Van Lint and retrobulbar 
anesthetic consisting of 2% lidocaine and 
0.75% bupivacaine in a 50/50 mixture with 150 
IU of hyaluronidase. The total volume used was 
8 ml. Sodium hyaluronate 1% was used before 
the anterior capsulotomy, and again before in- 
sertion of the intraocular lens. The nucleus was 
expressed by an irrigating lens loop and the 
cortex was removed with an irrigation /aspira- 
tion unit. Sodium hyaluronate was removed 
before injection of Miochol (1:100 acetylcho- 
line chloride). Epinephrine was used in the 
irrigating solution (1 ml of 1:10,000 epineph- 
rine in 500 ml of balanced salt solution). A total 
volume of 1.0 ml of Miochol (1:100 acetylcho- 
line) was injected into the anterior chamber 
after placement of the intraocular lens and 
removal of the sodium hyaluronate. 

Pupillary diameter was measured to the near- 
est 0.5 mm, in a manner similar to that de- 
scribed by Stark and associates,’ by a single 
individual with a millimeter ruler. The greatest 
pupillary diameter was recorded when the pu- 
pil was irregular. Measurements were made on 
the day before surgery, immediately before the 
surgical incision, immediately before and five 
minutes after acetylcholine injection, and the 
morning after surgery. 

Measurements of pupillary diameter were 
analyzed by analysis of variance with repeated 
measures and post-hoc tests including Duncan 
multiple range test, Student-Newman-Keuls 
test, and contrasts. Chi-square tests and Fish- 
er's exact tests were used to examine the ade- 
quacy of randomization. 


Results 


Of the 34 patients enrolled, four were exclud- 
ed for the following reasons: failure to receive 
study drops, operation performed by another 
surgeon, re-introduction of epinephrine con- 
taining balanced salt solution into the eye after 
injection of acetylcholine, and a tear in the 
posterior capsule with vitreous loss. 

The demographic characteristics of the re- 
maining 30 patients are summarized in Table 1. 
The distribution of patients within the two 
treatment groups was similar with regard to 
age, gender, race, and iris color (P > .05). The 
all-male population resulted from conducting 
this study at a Veterans Administration Hospi- 
tal. 

The mean pupillary diameters at each stage of 
surgery are shown in Table 2. Pupillary diame- 
ter was greater in the flurbiprofen group imme- 
diately before acetylcholine injection (P < 
.001), five minutes after acetylcholine injection 
(P < .001), and on the morning after surgery (P 
< .005). There was no significant difference in 
the mean pupillary diameter between the two 
groups, on the day before surgery and immedi- 
ately before the surgical incision. 

The patient excluded for posterior capsule 
tear and vitreous loss received the placebo. 
However, the sample size is not sufficient to 


TABLE 1 
DEMOGRAPHIC CHARACTERISTICS OF PATIENTS 





FLURBIPROFEN CONTROL 
GROUP GROUP 
No. of patients 17 13 
Age (yrs) Mean + SD 11238 70+ 8 
Gender 
Male 17 13 
Female 0 0 
Race 
White +7 11 
Nonwhite 0 2 
iris color 
Blue 8 4 
Brown 4 6 
Hazel 5 1 
Green 0 2 
Eye 
R.E. 12 4 
LE: 5 9 
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TABLE 2 
MEAN PUPIL DIAMETERS 





FLURBIPROFEN CONTROL SIGNIFICANCE 
GROUP GROUP OF DIFFERENCE 
(mm) + SO {mm} = SD BETWEEN GROUPS 


30 +07 31205 NS* 
8.1 +07 78+07 NS* 


Day before surgery 
Immediately before 
surgical incision 
immediately before 

acetylcholine 
injection 
Five minutes after 
acetylcholine 
injection 
Morning after surgery 4421.1 3.6 + 0.7 


76207 62209 P < 001 


49207 38206 P< .001 


P< 005 





*Not significant. 


draw conclusions from this finding. Other than 
this possible adverse effect, no side effects or 
adverse reactions were noted from instillation 
of either flurbiprofen or the placebo. 





Discussion 





The role of noncorticosteroidal anti-inflam- 
matory drugs in sustaining mydriasis during 
cataract surgery has already been established.'* 
Double-masked studies have been performed 
using indomethacin,’ flurbiprofen,’ and supro- 
fen,” which show reduced miosis when com- 
pared to eyes pretreated with a placebo. Our 
results support the findings of these previous 
studies; the mean pupillary diameter was great- 
er before injection of acetylcholine in the flur- 
biprofen group when compared to the control 
group. It has been suggested that these agents 
act by inhibition of the cyclo-oxygenase-medi- 
ated release of prostaglandins.’ Prostaglandins 
have been implicated in pupillary constriction 
secondary to ocular trauma.’ Bito” disagreed 
with this proposed mechanism, suggesting that 
there is little direct evidence of prostaglandins 
mediated constriction of the human iris sphinc- 
ter. He further suggested that cyclo-oxygenase 
inhibitors may act by inhibiting the synthe- 
sis of prostaglandins, which would potentiate 
the substance-P induced miotic response to 
trauma. 

In the previous human studies on pretreat- 
ment with noncorticosteroidal anti-inflamma- 
tory drugs*™* the final pupillary diameter was 


measured either before or without the injection 
of acetylcholine. The use of a miotic such as 
acetylcholine has been common for several dec- 
ades.!! There have been reports (manufacturer's 
package insert) of a reduced miotic response to 
acetylcholine in patients treated with flurbipro- 
fen. Such an interaction has been investigated 
in rabbits. Ozog and associates’ demonstrated a 
reduced miotic response to acetylcholine to 
anterior chamber irrigation with acetylcholine 
in albino rabbits. Zimm and associates’ found 
no difference in miosis to acetylcholine when 
the experiment was repeated in pigmented rab- 
bits, but their sample size was too small for a 
negative result to be conclusive. Our study was 
specifically designed to evaluate the interaction 
of pretreatment with flurbiprofen on miosis 
produced by acetylcholine in humans. 

We found that the mean pupillary diameter in 
the flurbiprofen group was significantly greater 
than in the control group at five minutes after 
injection of acetylcholine and on the first post- 
operative day. This difference in pupillary di- 
ameter between the flurbiprofen and control 
group five minutes after acetylcholine injection 
may be a reflection of the difference before 
injection. Acetylcholine is a direct agonist act- 
ing at the level of the motor end plates. There 
seems to be no theoretical basis for an inhibi- 
tion of acetylcholine by a noncorticosteroidal 
anti-inflammatory agent. Indeed, when we ex- 
amined the change in pupillary diameters from 
pre- to postacetylcholine injection, there was 
no difference between the flurbiprofen group 
(2.6 + 0.7 mm) and the control group (2.3 + 0.9 
mm, P = .4). This finding contradicts that of 
Ozog and associates’ but there are clear differ- 
ences between the two studies. In our study 
cataract surgery was performed with resultant 
trauma to the iris. Whether miosis induced by 
trauma is mediated by prostaglandins, sub- 
stance-P, or some yet to be defined factor, 
flurbiprofen acts in the early part of surgery to 
reduce trauma-induced miosis. Therefore, the 
pupillary diameters before acetylcholine must 
be different in the flurbiprofen and control 
groups. In the albino rabbit experiment of Ozog 
and associates,’ no surgery was performed and 
the baseline pupillary diameters were equal. 
Therefore, their animal model does not repre- 
sent the clinical situation. 

Acetylcholine is known to be a miotic of short 
duration. Rizzuti” noted its duration to be 20 
minutes or less, Elliott and Carter? demonstrat- 
ed no miotic effect after six hours. Therefore, 
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the pupillary diameter measured on the morn- 
ing after surgery may not be influenced by 
acetylcholine injected during surgery. The dif- 
ference between the flurbiprofen and control 
groups could then be explained on the basis of 
administration of flurbiprofen alone. Our find- 
ing of a larger pupillary diameter in the flurbi- 
profen group on the morning after surgery 
would suggest that the effect of flurbiprofen in 
maintaining pupillary dilation may last until at 
least the morning after surgery. 

We have shown that flurbiprofen adminis- 
tered preoperatively results in a larger pupil- 
lary diameter after removal of the lens and 
placement of intraocular lens after injection of 
acetylcholine and on the first postoperative 
day. Flurbiprofen does not appear to inhibit the 
effect of acetylcholine. Flurbiprofen does re- 
duce trauma-induced miosis, and therefore 
subsequent pupillary diameters are larger. 
Whether this is clinically significant is unclear. 
The incidence of partial, anterior dislocation of 
the intraocular lens has been estimated to be 
1% to 3%.° In order to detect a significant 
difference in partial dislocation rate a large 
randomized trial would need to be conducted. 
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OPHTHALMIC MINIATURE 
He had gotten considerably fatter, and a Syrian goldsmith had made him 
a new eye of gold and precious stones, of which he was exceedingly proud 
although it chafed the socket so badly that he took it out as soon as he had 
sat down beside me under the sycamore. 


Mika Waltari, The Egyptian 


Helsinki, WSOY, 1983, p. 489-490 
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The Effect of Allograft Rejection After Penetrating 
Keratoplasty on Central Endothelial Cell Density 


David C. Musch, Ph.D., Ann E. Schwartz, M.D., Karen Fitzgerald-Shelton, B.S., 
Alan Sugar, M.D., and Roger F. Meyer, M.D. 


We identified all patients who had under- 
gone penetrating keratoplasty for keratoconus 
and were being observed longitudinally (N = 
174). During the follow-up period, 57 of 174 
patients (33%) showed evidence of an allograft 
rejection episode, which occurred at an aver- 
age of eight months after the operation. We 
analyzed specular photographs of the corneal 
endothelium, taken before and after the first 
allograft rejection episode. A significant de- 
crease in endothelial cell density was ob- 
served (11.8%, P < .0001). As a control, we 
analyzed all available specular photographs 
from patients with keratoconus who showed 
no evidence of allograft rejection after pene- 
trating keratoplasty. The observed endotheli- 
al cell density decrease (11.8%) in patients 
with keratoconus undergoing allograft rejec- 
tion exceeded that found in the control sub- 
jects (6.8%) during a comparable time period 
(P = .06). Severe allograft rejection episodes 
resulted in a decrease in endothelial cell den- 
sity that exceeded expected loss significantly 
(14.8% compared with 6.9%, P = .01), whereas 
mild allograft rejection episodes were not as- 
sociated with a loss in endothelial cell density 
exceeding that expected (1.8% compared with 
6.5%, P = .34). 


Å MONG THE PREVALENT CAUSES of graft failure 
after penetrating keratoplasty, immunologic re- 
jection of the grafted tissue, termed allograft 
rejection, is a leading etiologic factor.’ It has 
been estimated that 30% of corneal grafts un- 
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dergo at least one allograft rejection,” and one 
third or more of these grafts fail after unsuc- 
cessful treatment with corticosteroids or other 
immunosuppressive therapy. Although the 
clinical appearance of the rejection episode can 
vary from a well-demarcated line of keratic 
precipitates advancing across the graft endo- 
thelium to a diffuse scattering of keratic precip- 
itates,”” prompt recognition and treatment of 
an allograft rejection is critical to preserving 
the clarity of the graft. 

The allograft rejection results from recogni- 
tion of the grafted tissue by the immune system, 
and the response is characterized by destruc- 
tion of the graft’s endothelial cells by cell- 
mediated, cytotoxic lymphocytes.’ We attempt- 
ed to quantify the impact of allograft rejection 
on endothelial cell density, an often-used mor- 
phologic indicator for the graft’s functional 
integrity. Also, we attempted to determine the 
relationship between allograft rejection severi- 
ty and loss of endothelial cell density. 


Patients and Methods 


Since we desired to identify a group of pa- 
tients who had undergone penetrating kerato- 
plasty, who are known to have a high risk of 
allograft rejection, and usually lack other fac- 
tors that can affect endothelial cell density, 
such as the presence of an intraocular lens, we 
selected patients undergoing penetrating kera- 
toplasty for keratoconus as the study subjects. 
Using the computerized information on pa- 
tients undergoing penetrating keratoplasty 
contained in the Michigan Corneal Transplan- 
tation Registry, which is complete for all pene- 
trating keratoplasty procedures conducted at 
the Kellogg Eye Center from 1980 through 
1985, we identified 206 penetrating keratoplas- 
ty procedures performed for keratoconus in 174 
patients. We accessed the medical records of 
these 174 patients to identify those who under- 
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went an allograft rejection episode during the 
follow-up period after their first penetrating 
keratoplasty. Diagnosis of an allograft rejection 
was made when a graft that was clear for at least 
two weeks after penetrating keratoplasty had 
onset of an inflammatory reaction in the ante- 
rior chamber, with the presence of keratic pre- 
cipitates on the graft’s endothelium in associa- 
tion with stromal edema. The severity of the 
allograft rejection episode was termed mild if 
there were one to five keratic precipitates pres- 
ent and less than a 10% increase in corneal 
thickness, relative to the last visit, at the time 
the allograft rejection was diagnosed. If there 
were more than five keratic precipitates present 
or an increase of 10% or greater in corneal 
thickness at the time the allograft rejection was 
diagnosed, relative to the last visit, the allograft 
rejection was classified as severe.® 

During routine clinical follow-up of all pa- 
tients after penetrating keratoplasty, a specular 
photograph was obtained at two weeks, three, 
six, 12, and 18 months, and annually thereafter, 
using a contact specular microscope. Upon 
identifying patients with evidence of an allo- 
graft rejection, we then selected the specular 
photographs that were taken within the short- 
est available time preceding the onset of the 
allograft rejection and following the resolution 
of the allograft rejection and counted three 
central visual fields by fixed-frame analysis.° 
The average of these counts was used to repre- 
sent the patient's central endothelial cell densi- 
ty at each time point. As a control group, we 
obtained and counted all available specular 
photographs obtained during follow-up of pa- 
tients with keratoconus who showed no signs 
of allograft rejection during the follow-up peri- 
od after penetrating keratoplasty. These counts 
were used to generate the expected loss of 
endothelial cell density over time intervals 
comparable to those in the patients with kerato- 
conus who underwent allograft rejection. Sta- 
tistical comparisons were made by the indepen- 
dent or paired, two-tailed Student's t-test. 





Results 





During the follow-up period after the initial 
penetrating keratoplasty in 174 patients who 
required penetrating keratoplasty for keratoco- 
nus, 57 (33%) showed evidence of at least one 
allograft rejection episode, of which the first 


occurred at a median time of eight months after 
penetrating keratoplasty. Specular photo- 
graphs were available for times preceding and 
following the allograft rejection episode for 53 
(93%) of these 57 patients. All of the 57 pa- 
tients with keratoconus who had an allograft 
rejection episode were treated successfully; 
therefore, the four patients who lacked specu- 
lar photographs either before or after their 
allograft rejection episode were not photo- 
graphed because of scheduling rather than 
graft-status reasons. When the timing of the 
specular photographs was inspected, data on 
five patients were excluded, because of our 
inability to provide an expected endothelial cell 
density loss value from the control information. 
For example, one patient underwent the first 
allograft rejection episode 97 months after pen- 
etrating keratoplasty, and specular photo- 
graphs were available at 84 and 108 months 
after penetrating keratoplasty. Our control in- 
formation could not provide a reliable estimate 
of the expected endothelial cell density loss for 
this interval, and so the data on this patient 
were excluded from further analysis. Therefore, 
observed and expected endothelial cell density 
loss information was available for 48 patients. 

Expected endothelial cell density loss in the 
absence of an allograft rejection was generated 
from all available specular photographs from 
the follow-up of patients with keratoconus af- 
ter penetrating keratoplasty who did not under- 
go allograft rejection (N = 117); the expected 
values (median percent loss of endothelial cell 
density) are based upon a variable sample size 
(Table). Expected endothelial cell density loss 
information was available from more than 20 
patients for all of the possible follow-up inter- 
vals during the first three years after penetrat- 
ing keratoplasty. 

Observed percent loss of endothelial cell 
density from before to after the allograft rejec- 
tion episode was 11.8% (standard deviation, 
17.9%), which was significantly greater than a 
null hypothesis of no loss (95% confidence 
interval, 6.6% to 17.0%, P < .0001). When the 
patients were divided into those with severe 
and mild allograft rejection, a significantly 
greater average percent loss of endothelial cell 
density (P = .03) was observed in those with 
severe allograft rejection episodes, 14.8% 
(standard deviation, 17.9%), compared with 
that observed in patients with a mild allograft 
rejection episode, 1.8% (standard deviation, 
14.5%). Furthermore, the observed percent loss 
of endothelial cell density was statistically sig- 
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TABLE 
EXPECTED PERCENT LOSS OF CORNEAL 
ENDOTHELIAL CELL DENSITY AFTER PENETRATING 
KERATOPLASTY IN THE ABSENCE OF ALLOGRAFT 


REJECTION” 
AENEA a a 
MEDIAN PERCENT 
FOLLOW-UP NO. OF PAIRED LOSS OF ENDOTHELIAL 
INTERVAL (MOS) COUNTS AVAILABLE? CELL DENSITY 
0.5-3.0 47 2.5 
0.5-6.0 48 6.3 
0.5-12.0 40 12.0 
0.5-24.0 30 12.5 
0.5-36.0 23 18.2 
3.0-6.0 72 4.0 
3.0-12.0 65 6.0 
3.0-24.0 40 11.8 
3.0-36.0 28 23.9 
6.0-12.0 63 6.8 
6.0-24.0 40 9.6 
6.0-36.0 27 21.7 
12.0-24.0 36 2.4 
12.0-36.0 26 17.2 
24.0-36.0 23 13.2 
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*Obtained from patients undergoing penetrating keratoplasty 
for keratoconus. 

tA paired count is defined as an endothelial cell density 
estimate available for an individual patient at both timepoints. 


nificant in patients with severe allograft rejec- 
tion (95% confidence interval, 8.8% to 20.8%, 
P < .0001), whereas the loss in those with mild 
allograft rejection was insignificant (P = .68). 
Upon comparing the observed percent loss of 
endothelial cell density with that expected dur- 
ing a comparable time interval, the observed 
percent loss of endothelial cell density (for all 
patients) was not significantly greater than that 
expected (11.8% compared with 6.8%, P = .06), 
although the direction of the difference was 
consistent with a detrimental effect of allograft 
rejection. When severe allograft rejection epi- 
sodes were evaluated separately, however, the 
observed percent loss of endothelial cell densi- 
ty (14.8%) was significantly greater than that 
expected (6.9%; P = .01). The percent loss of 
endothelial cell density observed in mild allo- 
graft rejection episodes (1.8%) did not signifi- 
cantly differ from that expected (6.5%; P = .34). 





Discussion 





Immunologic recognition of transplanted tis- 
sue is a potential complication shared by all 
recipients of donor organs and tissue. In corne- 
al transplantation, the focus of the immune- 
mediated attack on the grafted tissue is the 
corneal endothelial cells. These cells are vital to 
maintenance of the clarity of the graft, since 
they provide the mechanism, by barrier and 
active transport processes, for preventing the 
corneal stroma from swelling to an edematous 
state. Given the importance of these cells, their 
destruction during an allograft rejection epi- 
sode can lead to failure of the graft, which 
necessitates regrafting. Although the relation- 
ship between endothelial cell density and graft 
clarity is not direct, there is evidence of a 
diminishing capacity to maintain clarity with a 
low endothelial cell density.” 

In one study that assessed long-term changes 
in endothelial cell density after penetrating 
keratoplasty, a 21% decrease in endothelial cell 
density per year for three years was observed, 
after which the endothelial cell density was 
stable.” In the studies that have addressed the 
effect of allograft rejection on endothelial cell 
density, qualitative morphologic changes to the 
endothelium have been described,” and low 
endothelial cell density values after allograft 
rejection have been reported.*” Bourne, 
McCarey, and Kaufman" reported significant 
loss of endothelial cell density in a patient 
undergoing allograft rejection, and Ruusu- 
vaara” reported that the endothelial cell densi- 
ty of eight patients undergoing allograft rejec- 
tion was 20% less than the remaining 94 
patients who had no rejection over a variable 
follow-up interval. In 26 grafts examined be- 
fore and after allograft rejection, Bourne“ ob- 
served a 28% mean cell loss. In all of these 
studies, however, control for the expected loss 
of endothelial cell density during the follow-up 
window from before to after allograft rejection 
was lacking, as was information on the impact 
of allograft rejection severity on endothelial 
cell density loss. 

We made an effort to control for the expected 
decrease in endothelial cell density seen after 
penetrating keratoplasty by quantifying the ob- 
served loss over multiple time intervals in pa- 
tients who were similar to those who under- 
went an allograft rejection episode in every 
respect other than the experience of an allograft 
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rejection episode. When severe and mild allo- 
graft rejection episodes were combined, the 
observed loss of endothelial cell density 
(11.8%) was larger than that expected (6.8%), 
and the difference was of borderline statistical 
significance (P = .06). This result, however, was 
influenced greatly by the severity of the allo- 
graft rejection episode. Episodes in which there 
were greater than five keratic precipitates, more 
than a 10% increase in corneal thickness associ- 
ated with the allograft rejection, or both were 
termed severe, and the observed loss of endo- 
thelial cell density associated with these epi- 
sodes was significantly greater than expected 
endothelial cell density loss. Mild episodes 
showed no significant loss of endothelial cell 
density. 

These findings provide support to the impor- 
tance of early detection of an allograft rejection 
episode. Although most of our patients had 
severe allograft rejection episodes, those that 
were detected early in the course of the allo- 
graft rejection, as evidenced by one to five 
keratic precipitates and less than a 10% in- 
crease in corneal thickness from the previous 
visit, lost no more endothelial cells than that 
expected in the absence of an allograft rejec- 
tion. Severe episodes, however, showed a con- 
comitant decrease in endothelial cell density 
that exceeded expected loss significantly. 

It is reasonable to assume that most allograft 
rejection episodes in an avascular graft are 
initially mild and become more severe over 
time. A time window exists, therefore, in which 
a detected allograft rejection can be treated and 
endothelial cell loss prevented. It is imperative, 
therefore, that patients are instructed and con- 
tinually reminded of the signs and symptoms of 
allograft rejection, so that early detection and 
effective treatment can be instituted. 
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Comparison of Intraocular Lens Fixation Techniques 


Performed During Penetrating Keratoplasty 





Richard M. Davis, M.D., Douglas Best, M.D., and Gregory E. Gilbert, B.A. 


We reviewed the charts of 41 patients who 
had undergone penetrating keratoplasty, 
anterior vitrectomy, and placement or ex- 
change of an intraocular lens during a two- 
year period with a median follow-up time of 
15 months (range, five to 26 months). The 
median preoperative visual acuity was 20/400 
(range, 20/40 to hand motions). The median 
postoperative visual acuity was 20/70 (range, 
20/25 to hand motions). Of 41 corneal grafts, 38 
(93%) remained clear. New intraocular lenses 
were inserted by anterior chamber, iris, or 
transscleral fixation. The median visual acu- 
ity was 20/70 for the anterior chamber lens 
group, 20/100 for the iris fixation group, and 
20/70 for the transscleral fixation group. Anal- 
ysis of variance demonstrated no significant 
difference by type of fixation in postoperative 
visual acuity, central corneal thickness, and 
intraocular pressure. 


T He USUAL SURGICAL MANAGEMENT of pseudo- 
phakic corneal edema is a penetrating kerato- 
plasty with removal of an iris-supported or a 
closed-loop anterior chamber intraocular lens. 
There is no consensus concerning the type of 
intraocular lens implanted as part of the ex- 
change procedure.’ The main advantage of an 
anterior chamber intraocular lens is the ease of 
implantation and decreased operating time. 
Late graft failure, progressive endothelial cell 
loss, peripheral anterior synechiae, and secon- 
dary glaucoma have caused some ophthalmolo- 
gists to prefer sutured posterior chamber lens- 
es. Although several studies evaluated single 
fixation techniques, direct comparison is diffi- 
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cult because testing is not standardized. Few 
studies have contrasted anterior chamber and 
iris-sutured posterior chamber lenses.*’ We 
compared the results of 41 patients who had 
undergone anterior chamber, transscleral, or 
iris fixation of an intraocular lens at the time of 
penetrating keratoplasty for the treatment of 
pseudophakic corneal edema. 


Patients and Methods 


We reviewed the charts of 41 consecutive 
patients who had undergone penetrating kera- 
toplasty, intraocular lens exchange, and ante- 
rior vitrectomy between September 1987 and 
September 1989. Pseudophakic or aphakic cor- 
neal edema was diagnosed in all patients. Re- 
sults recorded from the last examination in- 
cluded the manifest refraction, best-corrected 
visual acuity, intraocular pressure by pneumo- 
tonometry, ultrasonic pachymetry, slit-lamp 
biomicroscopy, and ophthalmoscopy. All surgi- 
cal procedures were performed by one of us 
(R.M.D.). 

General endotracheal or local anesthesia was 
administered. Local anesthesia included an 
O’Brien facial nerve block and a retrobulbar 
injection of a 1:1 mixture of 2% lidocaine and 
0.75% bupivacaine hydrochloride with 150 
USP units of hyaluronidase. Preoperative my- 
driasis was accomplished with cyclopentolate 
hydrochloride 1% and phenylephrine hydro- 
chloride 2.5% and was stabilized with flurbi- 
profen sodium 0.03%. A Flieringa ring was 
sutured to the sclera with 8-0 silk to prevent 
scleral collapse after removal of the recipient 
cornea. The donor cornea was removed from its 
storage medium and cut endothelial side up on 
a Teflon block with a 7.5- or 8.0-mm cutting 
trephine. The donor cornea was sized 0.5 mm 
larger than the diameter of the recipient trephi- 
nation. The area of the cornea corresponding to 
the visual axis was indented with a Sinsky 
hook. A 5.0-mm blunt trephine was then cen- 
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Fig. 1 (Davis, Best, and Gilbert). An anterior cham- 
ber lens with four-point fixation was used for ante- 
rior chamber angle fixation. 


tered around the visual axis indentation to 
obtain a circular reference mark that assisted in 
centering the recipient trephine. The recipient 
cornea was incised with a Hessburg-Barron 
vacuum suction trephine to the approximate 
level of Descemet’s membrane. The anterior 
chamber was entered with a sharp disposable 
knife. Corneal scissors were used to remove the 
recipient cornea and to preserve carefully a 
posterior corneal lip. If present, the intraocular 
lens was removed carefully. An open-sky auto- 
mated anterior vitrectomy was performed with 
a suction of 200 mm Hg and 500 cuts per 
minute cutting rate to remove vitreous from the 
anterior chamber angle, iris, and anterior cili- 
ary body. A cell sponge placed gently on the 
anterior iris surface was used to detect residual 
vitreous. Goniosynechiolysis was performed in 
selected cases. Anterior chamber angle hemo- 
stasis was controlled with sodium hyaluronate. 

The intraocular lens used depended on the 
fixation technique. A one-piece four-point fixa- 
tion anterior chamber lens was used for ante- 
rior chamber angle fixation in ten eyes (Fig. 1). 
The orientation of the anterior chamber lens 
inserted matched the orientation of the explant- 
ed anterior chamber lens. The haptics were 
adjusted with a Sinsky hook to avoid iris distor- 
tion. A three-piece biconvex posterior chamber 
lens with four optic positioning holes was used 
for iris fixation in eight eyes (Fig. 2). A needle 
from a 10-0 polypropylene suture was passed 
through the midperipheral iris, down through 
an optic positioning hole, and up through the 
adjacent optic positioning hole. The needle was 
then directed through the posterior iris surface 
to the anterior chamber and tied to the free end 
of the suture. The knot was placed on the 
midperipheral anterior iris surface. A one-piece 
posterior chamber lens of 12.8 mm in overall 
length was used for transscleral fixation in 23 
eyes (Fig. 3). A 10-0 polypropylene suture was 
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Fig. 2 (Davis, Best, and Gilbert). Iris fixation of a 
posterior chamber lens was achieved by placing two 
10-0 polypropylene sutures, one suture each, 
through two optic holes, and tied to the anterior 
midperipheral iris. 


cut in half and each end was tied to a loop of the 
posterior chamber lens, Each knot was placed 
at a point on the loop farthest from the optic. 
The distance from the end of the loop to the 
knot was then approximately equal for both 
knots. Each needle was then directed under the 
iris at the 2 o’clock and 8 o’clock meridians to 
exit the sclera 1.0 mm posterior to the corneo- 
scleral limbus. The polypropylene suture was 
then tied to itself under a lamellar scleral flap or 
one end was buried in the sclera, which left an 
exposed loop of suture under the conjunctiva. 

The first eight consecutive posterior chamber 
lenses were inserted by the iris fixation tech- 
nique; the subsequent 23 posterior chamber 
intraocular lenses were implanted by the scler- 
al fixation technique. The surgical technique 





Fig. 3 (Davis, Best, and Gilbert). A one-piece pos- 
terior chamber lens of 12.8 mm in length was sutured 
transsclerally by tying a 10-0 polypropylene suture 
to each haptic and directing the needle under the iris 
and through the sclera 1 mm posterior to the corneo- 
scleral limbus. 
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evolved to transscleral fixation because of pos- 
sible loop instability with the iris fixation tech- 
nique. Anterior chamber lenses were inserted 
at the request of a referring ophthalmologist. 
No other factors were considered in selecting 
an intraocular lens fixation technique. There- 
fore, 41 patients who had undergone intraocu- 
lar lens fixation by one of three fixation tech- 
niques were available for analysis. 

Power of the intraocular lens was derived 
from the modified Sanders-Retzlaff-Kraff for- 
mula with an average keratometry reading of 
43.50 diopters based on previous keratoplasty 
procedures (R.M.D.). After placement of the 
intraocular lens, sodium hyaluronate was in- 
jected into the anterior chamber and on the 
recipient corneal rim. The donor cornea was 
sutured with eight interrupted 10-0 nylon su- 
tures. The sodium hyaluronate was then ex- 
changed for balanced salt solution. Eight addi- 
tional 10-0 nylon interrupted sutures were 
placed if the recipient cornea had greater than 
30 degrees of vascularization; otherwise a 16- 
bite antitorque 10-0 nylon suture was placed. 
All interrupted suture knots were buried under 
the recipient corneal epithelium. After intraoc- 
ular pressure returned to normal with balanced 
salt solution, qualitative keratoscopy was per- 
formed with a handheld cylindric keratoscope. 
Suture adjustment was performed until a circu- 
lar light reflex was obtained. Subconjunctival 
injections of 40 mg of gentamicin sulfate, 125 
mg of cefazolin, and 4 mg of dexamethasone 
were administered, and an antibiotic-cortico- 
steroid ointment was placed on the eye after 
removal of the Flieringa ring. A pressure patch 
was applied. 


Results 


Five of 41 eyes underwent secondary intraoc- 
ular lens insertion for aphakic bullous keratop- 
athy, and the remaining 36 eyes underwent 
intraocular lens exchange for pseudophakic 
corneal edema (Table). The mean age of the 
patients at the time of keratoplasty was 75.7 
years (range, 42 to 88 years). Eleven patients 
were men, and 30 patients were women. Sur- 
gery was performed on 27 right eyes and 14 left 
eyes. The average interval from cataract extrac- 
tion to the onset of corneal edema was approxi- 
mately 74 months (range, zero to 238 months). 
The average interval from onset of corneal ede- 
ma after cataract extraction to the date of kera- 


toplasty was approximately 15 months (range, 
two to 64 months). An anterior chamber lens 
was inserted into ten eyes, an iris-sutured pos- 
terior chamber lens in eight eyes, and a ciliary- 
sulcus—fixated posterior chamber lens in 23 
eyes. 

An intraocular lens was explanted in 36 of 41 
eyes: 34 were closed-loop anterior chamber 
lenses, one was an iris-clip intraocular lens, 
and one was a posterior chamber intraocular 
lens. Thirty-eight of 41 (93%) corneal grafts 
remained clear. Two eyes had immunologic 
graft failure, and one graft had surface irregu- 
larities secondary to ocular surface disease. 

The mean preoperative and postoperative in- 
traocular pressures for all eyes were 14.9 + 0.68 
mm Hg (range, 6.4 to 28.0 mm Hg) and 16.6 + 
0.78 mm Hg (range, 8.9 to 31.1 mm Hg), respec- 
tively, which was not statistically significant 
(paired t-test, P = .102). The mean intraocular 
pressure for each fixation group was as follows: 
13.9 + 0.81 mm Hg for the anterior chamber 
lens group; 15.8 + 1.77 mm Hg for the iris 
fixation group; and 17.6 + 1.20 mm Hg for the 
transscleral fixation group. Analysis of variance 
demonstrated no significant difference in post- 
operative intraocular pressure between fixation 
groups (P = .110). 

Nineteen of 41 eyes (46%) had glaucoma; 
preoperative glaucoma was present in 11 eyes 
(27%), and new onset of secondary glaucoma 
was diagnosed postoperatively in eight eyes 
(19%). Six of the eight cases of new-onset 
secondary glaucoma were from the transscleral 
fixation group. Uncontrolled glaucoma (range, 
24.3 to 31.1 mm Hg) was present in three eyes 
(7%), all in the ciliary-sulcus fixation group. In 
five eyes (11.6%), evidence of postoperative 
peripheral anterior synechiae greater than one 
clock hour was found. Four of these five eyes 
were from the ciliary-sulcus fixation group, and 
one eye was from the iris fixation group; none 
had uncontrolled glaucoma. Three of the four 
eyes from the ciliary-sulcus group with periph- 
eral anterior synechiae had synechiae in the 
approximate location of at least one of the 
polypropylene fixation sutures. 

The mean postoperative central corneal 
thickness was 0.59 + 0.01 mm (range, 0.41 to 
0.73 mm). The central corneal thickness was 
0.60 + 0.02 mm (range, 0.52 to 0.72 mm) for the 
anterior chamber lens group, 0.59 + 0.02 mm 
(range, 0.47 to 0.68 mm) for the iris fixation 
group, and 0.58 + 0.01 (range, 0.41 to 0.73 mm) 
for the transscleral group. Analysis of variance 





INTRAOCULAR PRESSURE siya 
oe as VISUAL ACUITYt (MM HG) elnino 
AGE (YRS) FOLLOW-UP FIXATION INTERVAL 

SEX (MOS) GROUP PREOPERATIVE POSTOPERATIVE PREOPERATIVE POSTOPERATIVE (MOS) 
1, 80, F 11 Anterior 20/400 20/25 16 13 35 
chamber 
2, 83, F 15 Anterior 20/200 20/50 8 az 96 
chamber 
S, 76, F 19 Anterior 20/400 20/70 12 135 50 
chamber 
4, 86, F 18 Anterior HM 20/400 12 18 61 
chamber 
5, 62, F 21 Anterior CF 20/40 12 13.2 11 
chamber 
6, 64, F 9 Anterior CF 20/200 17 13.6 48 
chamber 
90," 17 Anterior 20/400 20/70 16 16 48 
chamber 
8, 88, F 8 Anterior HM 20/400 9.1 8.9 156 
chamber 
9, 74, F 10 Anterior 20/300 20/50 16 14 80 
chamber 
10, 81, F 14 Anterior 20/40 20/70 19 12.4 17 
chamber 
41, 70, F 13 Iris CF 20/200 19 10 20 
12, 85, M 6 Iris CF CF 17 17 10 
13, 53, M 15 Iris 20/300 20/60 27 16 221 
14, 86, M 8 Iris HM HM 16 14 0 
15, 76, F 26 lris 20/200 20/25 13 10 48 
16, 78, M 23 lris 20/300 20/40 13 24 60 
17,77,M 24 lris 20/400 CF 18 21.5 48 
18, 75, F 16 lris CF 20/30 10 14 48 
19, 54, F 16 Sulcus 20/400 20/50 19 15.9 22 
20, 73, M 15 Sulcus 20/300 20/30 12 18 26 
21,73, M 22 Sulcus CF 20/400 13 20.4 108 
22, 82, F 15 Sulcus CF CF 14 16 24 
23, 74, F 15 Sulcus CF 20/50 12 13.3 44 
24, 88, F 9 Sulcus 20/400 20/60 14 14 80 
25, 83, F 5 Sulcus HM 20/80 13 12 22 
26, 81,M 12 Sulcus 20/70 20/40 9 31.1 52 
27, 81, F 17 Sulcus 20/400 20/40 14 19 48 
28, 73, F 16 Sulcus CF 20/300 16 8.6 210 
29, 80, M 16 Sulcus HM 20/40 28 20 105 
30, 76, F 9 Sulcus CF 20/100 16 13 120 
STI F 7 Sulcus 20/300 20/50 16 16.1 28 
32, 84, F 6 Sulcus CF 20/400 12 18 24 
33, 76, F 10 Sulcus 20/400 20/400 12 20.5 54 
34, 83, F 15 Sulcus CF 20/200 10.2 30.1 108 
35, 70, F 5 Sulcus CF 20/200 21 Al.7 68 
36, 73, F 6 Sulcus CF 20/70 16 22:1 238 
STA e 11 Sulcus 20/80 20/40 16 15 29 
38, 42, M 14 Sulcus 20/200 20/50 16 10 — 
39, 81, M 14 Sulcus CF 20/100 15 4.3 109 
40, 71, F 16 Sulcus 20/200 20/40 6.4 10.7 158 
41, 65, F 22 Sulcus 20/100 20/70 19 16 222 





TABLE 
DATA ON 41 PATIENTS* 


*An anterior chamber intraocular lens with closed loop was explanted in all but two cases. In Case 4 a posterior chamber intraocular 
lens of the original rigid J-loop type was explanted. In Case 16 an iris plane lens was explanted. 
'CF indicates counting fingers, and HM indicates hand motions. 
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demonstrated no significant difference in cen- 
tral corneal thickness between the three fixa- 
tion groups (P = .666). 

The median preoperative visual acuity was 
20/400 (range, 20/40 to hand motions). The 
median postoperative visual acuity was 20/70 
(range, 20/25 to hand motions). Nine eyes 
(22%) had visual acuity of 20/40 or better; 24 
eyes (58%) had visual acuity of 20/80 or better; 
and 27 eyes (66%) had visual acuity of 20/100 
or better. Of the remaining 17 eyes with visual 
acuity of worse than 20/80, 16 (94%) had 
cystoid macular edema or atrophic macular 
degeneration. The median visual acuity for 
each fixation group was the following: 20/70 
for the anterior chamber lens group, 20/100 for 
the iris fixation group, and 20/70 for the cili- 
ary-sulcus fixation group. Analysis of variance 
(Kruskal-Wallis) demonstrated no significant 
difference in postoperative visual acuity be- 
tween fixation groups (P = 816). 

The number of eyes that attained visual acu- 
ity of 20/80 or better was also evaluated by 
fixation group: seven (70%) for the anterior 
chamber lens group, four (50%) for the iris 
fixation group, and 14 (61%) for the transscleral 
fixation group. Two eyes (5%) had postopera- 
tive visual acuity worse than the preoperative 
visual acuity. One patient had corneal graft 
astigmatism, and the second patient had ad- 
vanced age-related macular degeneration and a 
failed graft secondary to immunologic rejec- 
tion. 

We used a Mantel-Haenszel chi-square test to 
compare postoperative visual acuity, which 
considered the degree of difficulty of each fixa- 
tion technique. With the assumption that the 
surgical degree of difficulty was greatest for the 
ciliary-sulcus group and the least for the ante- 
rior chamber lens group, no association was 
found in postoperative visual acuity between 
fixation groups (P = .387). 

Complications included immunologic graft 
failure in two of 41 eyes (5%). Two additional 
eyes had one graft reaction that resolved subse- 
quently with frequent administration of topical 
prednisolone acetate 1%. Two additional com- 
plications from the transscleral group included 
one eye with a dislocated posterior chamber 
intraocular lens that was repositioned success- 
fully and another eye with a conjunctival ab- 
scess surrounding an exposed polypropylene 
fixation suture that resolved after topical anti- 
biotic therapy. The one fixation suture was 
removed without dislocation of the posterior 
chamber lens. One additional eye developed a 


graft wound dehiscence upon suture removal 
that was resutured successfully. 


Discussion 


Treatment of pseudophakic corneal edema 
includes removal of a closed-loop anterior 
chamber intraocular lens, iris-plane lens, or 
dislocated lens at the time of keratoplasty. 
There is no agreement concerning the method 
of implantation of a new intraocular lens, An 
intraocular lens may be inserted in the anterior 
chamber angle or sutured to the iris or sclera. 
Advantages of an anterior chamber intraocular 
lens include ease of implantation and less ma- 
nipulation. An anterior chamber lens, however, 
may be associated with progressive endothelial 
cell loss, peripheral anterior synechiae, and 
secondary glaucoma. Posterior chamber lens 
implantation requires greater manipulation 
and may prolong operating time, but this may 
be preferred in a patient with an abnormality of 
the anterior chamber angle. 

Mean visual acuity varied between 20/44 and 
20/400. The comparison of data is difficult 
because mean follow-up times, surgical tech- 
niques, and the number of patients varied con- 
siderably. Additionally, mean visual acuity 
may not be the most appropriate measurement 
of visual function, since a mean value of 20/44, 
for example, may not have clinical relevance. 
The mean may not reflect accurately the true 
central tendency of the sample population be- 
cause of visual acuity measurements at the 
extreme of the visual acuity range. For example, 
four of 41 eyes (10%) had postoperative visual 
acuity measurements worse than 20/400, 
which represented the extreme of the postoper- 
ative range (20/40 to hand motions). We re- 
ported median visual acuity measurements be- 
cause of greater clinical relevance and a more 
representative measurement of the central ten- 
dency of our sample population. 

Lass and associates" compared anterior cham- 
ber lenses to iris-fixated posterior chamber 
lenses. Postoperative visual acuity, intraocular 
pressure, and the percentage of endothelial cell 
loss were not significantly different. A prospec- 
tive analysis of these fixation techniques would 
offer the best experimental model for evaluat- 
ing postoperative results. We evaluated results 
from a single surgeon who performed three 
fixation techniques. Patients were not random- 
ly allocated to each fixation group, and our 
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results may be biased. Preoperative character- 
istics, however, such as preoperative visual 
acuity, glaucoma, or iris status, were not con- 
sidered in selecting an intraocular lens implan- 
tation technique. 

All intraocular lenses explanted were of the 
closed-loop or iris-plane variety, except one 
rigid J-loop posterior chamber lens, which was 
associated with iris synechiae. Of 41 eyes, 38 
(93%) had clear grafts with a median follow-up 
time of 15 months. Thirty-nine eyes (95%) had 
postoperative visual acuity that was the same or 
better than the preoperative visual acuity. The 
mean central corneal thickness for all patients 
was 0.59 + 0.01 mm and was not significantly 
different between the three fixation groups. 

Median preoperative (20/400) and postoper- 
ative (20/70) visual acuities were comparable 
with those of previous studies.** We also com- 
pared median visual acuities from each fixation 
group: 20/70 for the anterior chamber lens 
group; 20/100 for the iris fixation group; and 
20/70 for the transscleral ciliary-sulcus fixation 
group. Although the difference between the iris 
fixation group and the other fixation groups was 
three lines of Snellen visual acuity, analysis of 
variance demonstrated no significant differ- 
ence. This apparent discrepancy illustrates the 
difficulty in comparing Snellen visual acuities 
for significant changes. Nonparametric analysis 
of variance (Kruskal-Wallis) was useful for 
comparison of visual acuity scores from three 
groups that were not normally distributed and 
of unequal sample size. A Mantel-Haenszel 
chi-square test was used to compare the three 
fixation techniques for degree of difficulty and 
found no association in postoperative visual 
acuity between fixation groups. Of 17 eyes with 
postoperative visual acuity worse than 20/200, 
16 had cystoid macular edema or atrophic mac- 
ular degeneration. Preoperative cystoid macu- 
lar edema may be a risk factor for decreased 
vision after surgery. Evaluation of the retina 
before keratoplasty, however, was difficult be- 
cause of corneal edema. Nevertheless, the me- 
dian postoperative visual acuity (20/70) was 
much improved compared with preoperative 
levels (20/400). 

Peripheral anterior synechiae of one clock 
hour or greater were detected postoperatively 
by slit-lamp biomicroscopy in five eyes, one 
from the iris fixation group and four from the 
transscleral ciliary-sulcus group. None had 
preoperative peripheral anterior synechiae. 
Three of the four eyes from the ciliary-sulcus 
group had synechiae adjacent to at least one of 


the two polypropylene fixation sutures. The 
location of the fixation suture may have been 
related to the peripheral anterior synechiae. 
The eyes from the anterior chamber lens group 
showed no greater tendency to develop periph- 
eral anterior synechiae. The increased number 
of eyes in the transscleral group with postoper- 
ative peripheral anterior synechiae may not be 
significant because of the few observations but 
warrants further investigation. Four of five eyes 
with synechiae had preoperative and postoper- 
ative glaucoma with intraocular pressure con- 
trolled medically; one eye developed postoper- 
ative secondary glaucoma controlled medically. 
Glaucoma may be a risk factor for developing 
peripheral anterior synechiae. 

The mean preoperative intraocular pressure 
was 14.9 + 0.68 mm Hg. The mean postopera- 
tive intraocular pressure of 16.6 + 0.78 mm Hg 
was not significantly different. Analysis of vari- 
ance demonstrated no significant difference be- 
tween fixation groups. Eight eyes (19%) devel- 
oped new onset of secondary glaucoma after 
the operation for a total of 19 eyes (46%) with 
medically treated glaucoma. Cycloablative or 
filtering procedures were not necessary to con- 
trol intraocular pressure during the study peri- 
od. Six cases of new-onset secondary glaucoma 
after keratoplasty developed in the transscleral 
fixation group, and one case developed in both 
the anterior chamber and the iris fixation 
groups. The frequency of secondary glaucoma 
in the transscleral group warrants further in- 
vestigation. 

Complications included immunologic graft 
reaction in four eyes with two leading to graft 
failure. Upon corneal suture removal, one graft 
had a wound dehiscence that was repaired 
promptly. A dislocated posterior chamber lens 
occurred in the transscleral fixation group. An- 
other patient developed a conjunctival abscess 
surrounding an exposed polypropylene fixation 
suture. The suture was removed, and the ab- 
scess resolved with topical antibiotic therapy. 
Heilskov and associates’ believed exposure of a 
polypropylene fixation suture was the cause of 
postoperative endophthalmitis in their patient. 
The intraocular lens remained centrally located 
after suture removal. Stable fixation in the cili- 
ary body may have resulted from a fibrous 
tissue reaction. Results of histopathologic stud- 
ies of iris-fixated® and transsclerally fixated” 
posterior chamber lenses showed suspended 
lens loops rather than embedded or fixated 
loops in the ciliary sulcus. Accurate suture 
placement approximately 1.0 mm posterior to 
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the corneoscleral limbus may help direct lens 
loops into the ciliary sulcus.®" Sutures direct- 
ed more posteriorly may result in inaccurate 
loop placement or accidental rupture of ciliary 
body vessels with consequent vitreous hemor- 
rhage. No cases of vitreous hemorrhage or 
retinal detachment were found in our study. 
The results of our study demonstrate no sig- 
nificant difference in postoperative visual acu- 
ity, central corneal thickness, and intraocular 
pressure when anterior chamber lenses and 
iris-sutured or transsclerally sutured posterior 
chamber lenses were implanted during intraoc- 
ular lens exchange at the time of keratoplasty. 
No patients had greater than 90 degrees of 
peripheral anterior synechiae preoperatively. 
Therefore, our results cannot be applied to 
patients with prominent peripheral anterior 
synechiae. With this caveat in mind, our study 
supports the use of any one of these three 
fixation techniques with the expectation of sim- 
ilar results. Prospective randomized trials are 
needed to investigate these findings further. 
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The Clinical Characteristics of Pedigrees of Leber’s 
Hereditary Optic Neuropathy With the 11778 Mutation 


Nancy J. Newman, M.D., Marie T. Lott, M.A., and Douglas C. Wallace, Ph.D. 


In a study of the phenotypic characteristics 
of pedigrees of Leber’s hereditary optic neu- 
ropathy positive for the mitochondrial DNA 
mutation at position 11778, 28 of 49 pedigrees 
were represented by singleton cases. Seven 
families, including six singleton pedigrees, 
had maternal family members with a mixture 
of mutant and normal mitochondrial DNA 
(heteroplasmy). Seventy-two affected individ- 
uals from 43 families showed a male predomi- 
nance of 81.9% (59/72) and ages of onset of 
visual loss ranging from 8 to 60 years. The 
time interval between affected eyes averaged 
1.8 months; the duration of progression of 
visual loss in each eye averaged 3.7 months. 
Visual acuity was 20/200 or worse in 107 of 109 
(98.2%) eyes. Telangiectatic microangiopathy, 
disk pseudoedema, or vascular tortuosity, 
ophthalmoscopic features believed to be clas- 
sic of Leber’s hereditary optic neuropathy, 
were noted in 30 of 52 patients. Visual-evoked 
responses were typically absent or abnormal. 
Electrocardiograms, fluorescein angiograms, 
cerebrospinal fluid analyses, brain computed 
tomography, and magnetic resonance imaging 
were usually normal. There were no consis- 
tent neurologic or systemic illnesses associat- 
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ed with these Leber’s pedigrees. In many 
cases, the diagnosis would not have been sus- 
pected because of the absence of a compatible 
family history, typical clinical profile, or oph- 
thalmoscopic appearance. Genetic analysis 
showed the mitochondrial DNA mutation at 
position 11778, which established the diagno- 
sis of Leber’s hereditary optic neuropathy and 
has allowed for a broader view of the clinical 
features of this disease. 


Leser’s hereditary optic neuropathy is a mater- 
nally inherited disease that results in bilateral 
visual loss, primarily in young men. In 1988, 
we identified a mitochondrial deoxyribonucleic 
acid (DNA) replacement mutation at nucleotide 
position 11778 in nine of 11 families with 
members in whom the clinical diagnosis of 
Leber’s hereditary optic neuropathy was made.’ 
This mutation, in which guanine is replaced by 
adenine, converts the highly conserved 340th 
amino acid of reduced nicotinamide adenine 
dinucleotide (NADH) dehydrogenase subunit 4 
from an arginine to a histidine. This same 
mutation has been confirmed in approximately 
40% to 60% of pedigrees worldwide with 
Leber's hereditary optic neuropathy.’ 

Heteroplasmy for the 11778 mutation (the 
coexistence of mutant and normal mitochondri- 
al DNA within the same individual) has been 
demonstrated in affected and unaffected mem- 
bers of Leber’s optic neuropathy families.°“°"*" 
In some pedigrees there has been rapid segre- 
gation toward homoplasmy for the mutation.>’* 
There is some speculation that the relative pro- 
portion of mutant mitochondrial DNA content 
in individuals, and perhaps within tissues of 
the same individual, may affect phenotypic ex- 
pression. 

The clinical manifestations associated specifi- 
cally with the 11778 mutation have not yet been 
described. Herein we report 49 independent 
Leber’s pedigrees harboring the 11778 muta- 
tion and summarize the phenotypic character- 
istics of a single genotype. 
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MULTIPLE FAMILY 
PEDIGREE 11778 FAMILY SUSPECT 
NOt MUTATION? MEMBERS FUNDUS! INCIDENTAL DISEASE? 
1 100% Y Y _ 
4 100% N Y Supraventricular tachycardia 
5 100% Y — — 
6 100% Y _ oe 
8 100% N — — 
9 100% N N — 
10 Heteroplasmic N -- — 
11 100% N _ 
12 100% N = — 
13 Heteroplasmic ¥ me Deafness 
15 100% N N Supraventricular tachycardia; muscle weakness 
16 100% N Y — 
18 100% Y Y Peripheral neuropathy 
19 100% N _ — 
21 100% N N — 
25 100% N N -= 
26 100% Y — Seizures; deafness 
30 100% Y Y — 
31 100% N ~ Peripheral neuropathy 
35 Heteroplasmic N — Peripheral neuropathy; deafness 
36 100% Y — —_ 
37 Heteroplasmic N N — 
38 100% N N — 
39 Heteroplasmic N — Multiple sclerosis 
40 100% Y — 
44 100% Y Juvenile diabetes mellitus; muscular dystrophy; 
hysterical blindness 
47 100% N5 N Short stature and optic atrophy 
49 100% Y Y — 
55 100% N N Polio 
58 100% x — on 
60 Heteroplasmic N N Developmental immaturity 
64 100% N — — 
65 Heteroplasmic N? N Unilateral optic atrophy; multiple sclerosis 
67 100% N -— Mental retardation 
70 100% Y — oo 
71 100% N — — 
72 100% N — — 
73 100% N — — 
74 100% Y — m~ 
75 100% ¥ — — 
76 100% N N — 
77 100% N — — 
78 100% N N on 
1F 100% Y ~m — 
2F 100% Y — me 
3F 100% Y — — 
4F 100% Y — — 
5F 100% Y — — 
1T 100% Y — — 





*Y indicates yes; N indicates no. The number of positive pedigrees was 49; singleton pedigrees, 28 (57.1%); and heteroplasmic 
pedigrees, 7 (14.3%). 

tF indicates Finnish; T indicates Tasmanian. | 

t100% indicates guanine to adenine mutation present at 11778 in essentially homoplasmic state as visualized by ethidium bromide eo 
staining. hee 

‘Other family members with visual loss secondary to undefined optic neuropathy. 

‘Suspect fundus: disk edema, pseudoedema, hyperemia, telangiectasias, or vascular tortuosity seen in at least one asymptomatic ~ o 
family member examined. 

incidental disease indicates reported neurologic or systemic iliness in either probands or maternal relatives. 
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Material and Methods 


Blood samples from patients and family 
members who were suspected of having Leber’s 
hereditary optic neuropathy were referred to 
our laboratory. Blood was also tested from 80 
unrelated random control individuals. In- 
formed consent was obtained from all subjects 
and controls. Two samples (Cases 31.01 and 
74.01) were obtained as air-dried blood spots. 
For the rest of the cases, blood was collected in 
sodium heparin. As described previously, 200 
to 300 pl of whole blood was removed for 
immediate DNA extraction and lymphocytes 
from the remainder were transformed with Ep- 
stein-Barr virus to establish lymphoblastoid 
cell lines. The DNA was extracted by using 
either an anion-exchange affinity column’ 
(Qiagen, Inc., Studio City, California) or by 
standard proteinase K/phenol-chloroform 
methods.” 

The 11778 mutation eliminates a site where a 
restriction endonuclease, Sfa N1 (New England 
Biolabs, Beverly, Massachusetts), normally cuts 
the mitochondrial DNA, thus providing a direct 
molecular diagnostic test? A DNA fragment 
was prepared by using the polymerase chain 
reaction between forward and reverse oligonu- 
cleotide primers (Microchemical Facility, 
Emory University, Atlanta, Georgia) located at 
nucleotide positions 11141 to 11158 and 12576 
to 12557. This 1435 base pair fragment, 
encompassing the nucleotide position 11778 
Leber’s hereditary optic neuropathy marker, 
was digested with one unit of Sfa N1 at 37 C for 
16 hours. The digested DNA was subjected to 
electrophoresis on 1.4% tris-borate agarose 
gels. Normal mitochondrial DNA-generated 
fragments of 679, 638, and 119 base pairs 
(nucleotide positions 11778 to 12456, 11141 to 
11778, and 12456 to 12576, respectively). Mu- 
tant mitochondrial DNAs had the 679 and 638 
base pair fragments fused into 1317 base pairs 
(nucleotide positions 11141 to 12456), while 
also retaining the common 119 base pair frag- 
ment. Heteroplasmic samples disclosed four 
fragments after Sfa N1 digestion: 1317 base 
pairs (representing Leber’s hereditary optic 
neuropathy), 679 and 638 base pairs (represent- 
ing normal), and 119 base pairs. Most cases 
were confirmed by digestion with the restric- 
tion enzyme Mae 3 (Boehringer Mannheim, 
Indianapolis, Indiana). The 11778 guanine to 
adenine mutation creates a Mae 3 site, thus 


generating a 124 base pair and 131 base pair 
doublet (delineated by nucleotide positions 
11651 to 11775 and 11775 to 11906) when the 
Leber’s mutation is present or a 255 base pair 
fusion fragment for normal, uncut, mitochon- 
drial DNAs." Mae 3 digestion of the test DNA 
also generates 613, 511, and 57 base pair frag- 
ments common to both DNA types. In all cases, 
a sample containing only water was subjected 
to the polymerase chain reaction and enzymatic 
digestion to ensure that no contaminating car- 
ryover DNA was present in the reagents used. 

Pedigrees were included in this study if at 
least one member in the maternal lineage tested 
positive for the 11778 mitochondrial DNA mu- 
tation. Survey sheets requesting specific clini- 
cal information were sent to all referring physi- 
cians. Individuals within these families were 
included in the clinical analysis if they had 
experienced visual loss unexplained by other 
ocular or neurologic disease, and if patient sex 
and age at onset of visual dysfunction were 
known. Clinical information was collected from 
review of survey sheets, medical records, and 
by telephone conversations with referring phy- 
sicians, patients, and family members. 

Specific historical questions included the sex 
of the affected individual, the age at onset of 
visual loss, associated symptoms at the time of 
acute loss, the time interval between affected 
eyes, and the duration of progression of visual 
loss in each eye. When possible, detailed medi- 
cal histories and family histories were obtained, 
with special attention given to ophthalmic, 
neurologic, and cardiac disease. Any known 
exposure to environmental toxins, tobacco, al- 
cohol, and drugs was noted. Features of the 
ophthalmic examination of particular interest 
included the ultimate visual acuity, color vi- 
sion, visual field defects, and ophthalmoscopic 
appearance (especially during the acute phase 
of visual loss). The results of ancillary testing, 
such as fluorescein angiograms, electroretino- 
grams, visual-evoked responses, brain comput- 
ed tomography, brain magnetic resonance 
imaging, cerebrospinal fluid analysis, and 
electrocardiograms, were tabulated when avail- 
able. 


Results 


A total of 49 independent pedigrees had at 
least one family member test positive for the 
11778 mutation in blood samples (Table 1). 
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TABLE 2 
CLINICAL SUMMARY OF AFFECTED INDIVIDUALS WITH THE 11778 MUTATION* 


cee LC LLL COL ALAA ON A aana AN a 


PROGRESSION ULTIMATE CENTRAL 
OF LOSS VISUAL VISUAL FIELD SUSPECT ws 
Nes OF ONSET (MO) ACUITY DEFECTS? FUNDUSP = 
CASE ONSET INTERVAL errmmancnnenennnedintmrereans ater 
NO. SEX {YRS) (MO} RE LE RE LE RE LE RE LE 
1.01 M 45 1 2 1 5/200 1/200 Y Y y Y- 
1.02 M 21 0 4 4 HM LP Y Y N N 
1.03 M 20 0 1 1 LP LP oe cs N N 
1.04 M 24 0 2 2 CF 2ft CF 5ft Y Y N N 
1.05 F 50 0 1.5 1 CF 4ft 20/200 y Y Y Yo 
1.06 F 36 0 3 3 CF 2ft CF 2ft Y Y N No 
1.07 F 53 3 3 3 20/400 CF 2ft a — Y Yo 
1.08 M 44 2 2 2 NLP NLP _ — y Yo: 
1.09 M 35 NA 6 NA CF 3ft NA — NA N NA 
4.01 M 28 0 1 1 = s = _ me — 
5.01 M 16 a = = m m- — — — — 
5.02 M 17 i as aac sites ae = Gi ee = 
6.01 M 24 di ae nen 20/400 20/1000 Y Y = are 
6.02 M 17 s PA a -x nn = ste sin a 
8.01 M 32 0 7 7 2/200 3/200 Y y N N 
9.01 M 18 0 2 2 CF 1ft 10/200 Y Y Y Yo 
10.01 M 18 2 1.5 2 CF 3ft CF 3ft Y Y y Y 
11.01 M 25 0 7 7 4/200 4/200 Y Y Y Y 
12.01 M 28 2 a“ 6 HM CF Y Y Y Yo 
13.01 M 15 se ae as <20/200 <20/200 Y Y y Y 
13.02 M 10 = = ae Es = = ds ies es 
15.01 F 25 5 5 3 10/200 8/200 Y Yy y Y 
16.01 M 8 "n 3 3 CF tft 20/50 Y Y Y Y 
18.01 M 34 0.5 2 2 1/200 1/200 Y Y Y y 
18.02 F 24 aan = = 1/200 1/200 = = ais ma 
19.01 M 21 1.5 3 3 10/200 2/200 Y Y Y Y 
21.01 M 26 9 4 4 CF ift CF 1ft Y y Y Y 
25.01 F 28 0 10 10 HM HM Y y Y Y 
26.01 M 23 5 4 8 CF 3ft CF 2ft Y Y N N 
26.02 M 30 a ~ aon = a aan enn ae a 
26.03 M 15 oe z m ai = — ae ae a 
30.01 M 60 0 3 3 20/200 5/200 Y y Ni Ni 
30.02 M 51 0 2 2 10/200 5/200 Y Y N N 
30.03 M 25 _ a ens = = a en z a 
31.01 M 20 5 = ae 1/200 1/200 Y Y Y Y 
35.01 M 58 0 24 24 CF CF Y Y Y Y 
36.01 M 54 0 4 4 3/200 3/200 Y Y Y Y 
36.02 M 19 gi ae = = = a 5 a si 
37.01 M 34 6 4 4 20/400 20/400 Y Y Yy Y 
38.01 M 18 0 3 3 20/200 CF 2ft Y Y Y Y 
39.01 M 20 -e — on _ = an -= — 
40.01 M 12 0 2 2 20/50 20/200 Y Y N 
40.02 M 23 0 = ne es — — n ~ 
44.01 F 9 0 1 1 20/200 20/2001 Y Y Ni 
44.02 F 37 0 = oo CF 1ft CF 1.5ft Y Y N 
44.03 M 37 sie oe - 20/500 20/500 = = = 
44.04 F 31 - ee = 20/800 20/800 = a — 
47.01 M 14 0 1 1 20/400 20/400 Y Y Y 
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TABLE 2 (Continued) 
CLINICAL SUMMARY OF AFFECTED INDIVIDUALS WITH THE 11778 MUTATION* 


ann U NDT AAD ev TE US OTT ST TTT ee EN AAE AAA AAA nAaR 


PROGRESSION ULTIMATE CENTRAL 
OF LOSS VISUAL VISUAL FIELD SUSPECT 
AGE OF ONSET (mo) ACUITY DEFECTS? FUNDUS? 

CASE ONSET INTERVAL $e —— 

NO. SEX (YAS) (Mo) RE LE RE LE RE LE RE LE 
49.01 M 18 6 6 6 CF itt CF tft Y Y Y Y 
49.02 M 20 — -l _ mean ne = —_ l — 
49.03 M 60 ~— —_ — _ m oe — = maan 
49.04 F 47 — 3 3 CF tft CF tft Y Y Y Y 
55.01 M 18 9 3 3 HM HM Y Y N N 
58.01 M 30 0 0.75 0.75 10/200 CF ft Yy Y Y Y 
58.02 F 29 1 2 2 10/200 CF 4ft Y Y Y Y 
60.01 M 12 NA NA 3 NA 5/200' NA Y NA NE 
64.01 M 23 8 0 2 CF 6ft CF 2ft Y Y Y Y 
65.01 M 21 0 6 6 15/200 10/200 Y Y Y Y 
67.01 M 24 0 7 7 CF 2ft CF 2ft Y y N N 
70.01 M 17 6 3 3 CF 6ft CF 4ft Y Y N N 
70.02 M 21 a. = ~ — ne — e = 
70.03 M 20 — — ee — — se = —_ — 
71.01 F 54 2 —_ 1 CF 1ft 2/200 Y Y N? Ni 
72.01 M 16 6 3 q CF 2ft CF 2ft Y Y N Y 
73.01 M 50 0.5 4 2 4/200 20/200 Y Y Y Y 
74.01 F 19 NA mee — NA CF NA Y NA Ni 
74.02 M 19 6 — —_ -=~ amme _ _ NE Ni 
75.01 M 35 fs ee ie 7/200 7/200 = — Y Y 
75.02 M 50 0 — m 20/200 20/200 a oe ~ —_ 
76.01 M 10 0 — — 20/400 3/200 Y Y NE NE 
77.01 M 28 —_ 0.25 0.25 CF tft CF 1ft Y Y N’ NE 
78.01 M 15 8 6 oo 20/400! CF 4ft Y y N? NE 





*Cases are numbered with family number to left of decimal, individual number to right of decimal. Y indicates Yes; N, No; HM, hand 
motion; CF, count fingers; LP, light perception; NLP, no light perception. NA indicates data not available because of other intervening 
factors (traumatic injury in Case 1.09; persistent hyperplastic primary vitreous/cataract in Case 60.01; visual loss still in initial stages at 
time of publication in Case 74.01.) 

tEyes that had spontaneous improvemert in visual acuity. 

tSuspect fundus: disk edema, pseudoedema, hyperemia, telangiectasias, or vascular tortuosity. 

‘The fundus was examined at the time of initia! visual loss. 


None of 80 control blood samples were positive 
for the mutation. Seven families (14.3%) (No. 
10, 13, 35, 37, 39, 60, and 65) demonstrated 
some degree of heteroplasmy for the mutation 
within blood. Three of these showed varying 
amounts of heteroplasmy in different tissues 
within the same individual (Ne. 10, 35, and 
39). 

Twenty-eight families (57.1%) are represent- 
ed by a single proband with visual loss and 
have no other members with a history of visual 
dysfunction compatible with Leber's hereditary 
optic neuropathy or unexplained by other ocu- 
lar or neurologic disease. Two of these 28 pedi- 
grees (No. 47 and 65), however, each contain a 


family member with visual loss secondary to an 
undefined, possibly congenital, optic neuropa- 
thy. In pedigree No. 47, the maternal aunt of 
the proband had short stature and was inciden- 
tally noted at the age of 5 years to have visual 
acuity of 20/200 in both eyes and optic atro- 
phy. In family No. 65, a maternal half-sister 
had visual acuity of 20/1,000 and optic atrophy 
in the left eye, discovered at age 4 years. The 
right eye had visual acuity of 20/20 and re- 
mained normal both functionally and by oph- 
thalmoscopic examination into adulthood. 

The pedigrees with more than one affected 
family member are indicated (Table 1). The 
clinical characteristics of six pedigrees (five 
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Finnish and one Tasmanian) have either been 
described previously in some detail” or are in 
the process of being reported by others. Within 
the 43 remaining families, historical informa- 
tion was available on 72 individuals (Table 2). 
Twelve patients (Cases 1.01, 1.02, 1.04, 1.05, 
1.06, 1.07, 1.08, 1.09, 11.01, 40.01, 60.01, and 
78.01) were personally interviewed and exam- 
ined at Emory University. 

The male-to-female ratio among patients was 
59:13 (81.9% male). There were two sets of 
twins (monozygotic brothers and a dizygotic 
brother and sister), with only one male affected 
in each pair. The age at onset of visual loss for 
the first eye ranged from 8 to 60 years old, with 
a mean of 27.6 years. Forty-nine patients 
(68.1%) were 16 to 37 years old at onset. Thir- 
teen (18.1%) were older, ten (13.9%) younger. 
The time interval between affected eyes was 
documented in 47 patients and ranged from 
simultaneous onset to nine months (mean, 1.8 
months). Simultaneous onset was reported in 
26 of 47 cases (55.3%). Two affected individuals 
had monocular visual loss from other causes, 
one (Case 60.01) from congenital persistent 
hyperplastic primary vitreous and cataract, the 
other (Case 1.09) from ocular trauma. One 
19-year-old woman (Case 74.01) with an affect- 
ed brother just recently lost vision in the left 
eye. The right eye has yet to become involved. 
The duration of progression of visual loss with- 
in each eye was reported in 87 eyes, ranging 
from sudden and complete to 24 months. The 
mean time to stabilization was 3.7 months (3.2 
months if the one outlier, Case 35.01, was 
removed from the calculation). 

Five of our patients recalled having other 
symptoms at the time of acute visual loss. One 
patient (Case 21.01) had headaches; one pa- 
tient (Case 70.01) had eye pain; and one patient 
(Case 38.01) said he had the “flu.” Phenomena, 
described as flashes of light, color, or both, 
occurred in two of our patients (Cases 8.01 and 
15.01). Two patients (Cases 37.01 and 78.01) 
had transient worsening of vision with exer- 
cise. Superimposed episodes of monocular vis- 
ual loss lasting seconds to days or even weeks 
with subsequent return to baseline visual acu- 
ity occurred in one patient (Case 15.01). The 
presumably unaffected maternal cousin of the 
patient described in Case 4.01 had an episode 
of bilateral diminution in vision at age 30 years 
that lasted ten hours, 

Information on the ultimate visual acuity was 
available for 109 eyes. The range was from no 
light perception to 20/50, but visual acuity was 


20/200 or worse in all (98.2%) except two eyes. 
Four other eyes have shown subsequent sponta- 
neous improvement in visual acuity. With Case 
44.01 both eyes improved from 20/200 to 20/ 
40 after several months. With Case 60.01 the 
left eye improved from 5/200 to 20/20 sudden- 
ly 2% years after initial visual loss. The left eye 
in one patient (Case 78.01) improved from 
20/400 to 20/30 after one year. The visual 
fields performed on 47 patients were uniformly 
described as showing central or cecocentral 
defects. 

In 1973, Smith, Hoyt, and Susac™ described 
the classic ophthalmoscopic appearance of pa- 
tients with Leber’s hereditary optic neuropathy 
and acute visual loss: circumpapillary telangi- 
ectatic microangiopathy, swelling of the nerve 
fiber layer around the disk (pseudoedema), and 
absence of staining on fluorescein angiography. 
Ophthalmoscopic abnormalities other than op- 
tic atrophy were considered “suspect” in our 
study for the characteristic Leber’s fundus ap- 
pearance if photographs or ophthalmologists’ 
descriptions disclosed disk edema, pseudoede- 
ma, hyperemia, telangiectatic microangiopa- 
thy, or vascular tortuosity. At least one of these 
findings was present in 59 of 101 eyes (30 of 52 
patients). Photographs were available on only a 
few patients and ophthalmoscopic documenta- 
tion was not consistently complete enough to 
comment on the incidence of the full typical 
Leber's ophthalmoscopic picture as described 
by Smith, Hoyt, and Susac.™ Of the 22 patients 
whose ophthalmoscopic examinations did not 
show even suspect findings, only nine were 
examined at the time of acute visual loss. At 
that time, these fundi were normal; later there 
was optic disk pallor. 

Ophthalmoscopic examination of at least one 
asymptomatic family member disclosed suspect 
findings in six of 19 families examined (Table 
1). Two of these six pedigrees contained only a 
single affected family member. All but one of 
the 13 examined families without asymptomat- 
ic fundus changes were also singleton pedi- 
grees. 

Seventeen of 37 affected individuals were 
users of tobacco. Twenty-one of 36 patients 
used alcohol, three heavily (Cases 1.08, 19.01, 
and 70.01). Only one patient was reported as a 
chronic recreational drug abuser (Case 58.02). 
Significant exposure to a toxic waste site con- 
taining measured high levels of Mirex, phthalic 
acid, benzene, and carbon disulfide was docu- 
mented in one patient (Case 16.01), solvent 
exposure in another (Case 35.01). 
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Three of our patients (Cases 18.01, 31.01, 
and 35.01) were described as having peripheral 
neuropathy (Table 1). One patient (Case 15.01) 
had nonspecific muscle weakness, and another 
(Case 55.01) was said to have had “polio” as an 
infant. When one patient (Case 60.01) had 
initial acute visual loss at age 12 years, he was 
also noted to have growth and sexual immaturi- 
ty. Diabetes mellitus was diagnosed in a 9-year- 
old girl (Case 44.01) at the time of her visual 
loss. One singleton woman (Case 15.01) had a 
history of supraventricular tachycardia, as did 
the unaffected maternal cousin of the patient 
designated Case 4.01. 

Isolated maternally related family members 
of our patients had supraventricular tachycar- 
dia (pedigree No. 4), seizures (No. 26), mental 
retardation (No. 67), short stature and bilateral 
optic atrophy (No. 47), unilateral optic atrophy 
(No. 65), muscular dystrophy (No. 44), hysteri- 
cal blindness (No. 44), and multiple sclerosis 
(No. 39 and 65) (Table 1). Deafness was report- 
ed in the maternal grandfather, five of seven 
maternal uncles, and one maternal aunt in pedi- 
gree No. 13, and in maternally related family 
members in pedigrees No. 26 and 35. 

Electrocardiogram results were reported on 
17 affected individuals. Fourteen of these were 
normal (Cases 1.01, 1.02, 1.04, 1.05, 1.06, 1.07, 
1.08, 9.01, 10.01, 19.01, 37.01, 60.01, 70.01, 
and 71.01). One electrocardiogram showed su- 
praventricular tachycardia (Case 15.01), anoth- 
er a short QT interval (Case 44.02), and a third 
premature ventricular contractions (Case 
49.01). Brain computed tomography was re- 
ported as normal for the 22 patients on whom 
they were performed (Cases 1.05, 1.08, 8.01, 
11.01, 12.01, 13.01, 15.01, 19.01, 21.01, 31.01, 
35.01, 37.01, 38.01, 40.01, 58.01, 58.02, 60.01, 
64.01, 65.01, 71.01, 73.01, and 74.01). Sixteen 
of 18 brain magnetic resonance images were 
also normal (Cases 1.05, 1.06, 9.01, 10.01, 
11.01, 15.01, 16.01, 19.01, 25.01, 35.01, 44.01, 
47.01, 60.01, 71.01, 73.01, and 78.01). One 
magnetic resonance study in a 60-year-old man 
(Case 30.01) had several small bright T, white 
matter signals of unclear significance. The mag- 
netic resonance image of a 34-year-old man 
(Case 37.01) showed white matter lesions and 
his cerebrospinal fluid analysis disclosed oligo- 
clonal banding. Spinal fluid was normal in 11 
other patients (Cases 1.02, 1.05, 8.01, 13.01, 
11.01, 19.01, 25.01, 38.01, 44.01, 47.01, and 
65.01). Visual-evoked responses were either 
absent or abnormal with prolonged latencies, 
and diminished amplitudes in 14 of 15 affected 
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individuals (Cases 1.05, 1.06, 6.02, 9.01, 11.01, 
19.01, 25.01, 30.01, 38.01, 47.01, 60.01, 71.01, 
72.01, and 78.01). Visual-evoked responses in 
one woman with visual loss (Case 58.02) were 
reported as having normal latency and ampli- 
tude. One brainstem auditory evoked response 
study was normal (Case 78.01). Ten of 11 stan- 
dard flash electroretinograms were normal 
(Cases 1.05, 1.06, 6.02, 16.01, 25.01, 35.01, 
58.02, 60.01, 71.01, and 72.01). One electroret- 
inogram was reported as showing abnormal 
scotopic function (Case 36.01). A pattern elec- 
troretinogram on one patient (Case 11.01) was 
nonreactive in both eyes. Fluorescein angio- 
grams were reported on eight patients (Cases 
1.05, 9.01, 19.01, 21.01, 38.01, 49.01, 65.01, 
and 78.01). One angiogram (Case 19.01) dem- 
onstrated disk leakage. An electroencephalo- 
gram was performed on one patient and it was 
normal (Case 21.01). Three muscle biopsy re- 
sults were reported. One was considered nor- 
mal (Case 1.02), one inconclusive (Case 44.01), 
and a third was thought to have nonspecific 
myopathic changes (Case 25.01). A skin biopsy 
was normal (Case 25.01) and one orbital ultra- 
sound disclosed small optic nerves (Case 
38.01). An exploratory craniotomy with visuali- 
zation of the chiasm and intracranial optic 
nerves found no abnormalities in one patient 
(Case 1.02). 


Discussion 


To clarify the relationship between genotype 
and phenotype, we attempted to define the 
11778 mitochondrial DNA mutation phenotype 
by compiling the clinical data from all such 
pedigrees referred to us (Figure). Consistent 
with previous clinical reports of Leber's heredi- 
tary optic neuropathy, we observed a predomi- 
nance of affected males, 82% in our study 
compared with 77% to 90% in European, North 
American, and Australian pedigrees.” By 
contrast, in Japan the male predominance is 
less marked, males representing 58% of cases.” 
The average age at onset of visual loss in our 
11778-positive patients was 27.6 years, with 
68% of our cases falling between 16 and 37 
years of age. Our patients’ average age is slight- 
ly higher than that calculated by van Senus at 
24.4 years for men and 22 years for women.” 

About half of our patients with 11778 muta- 
tion (26 of 47) reported simultaneous onset of 
bilateral visual loss (55.3%). This probably in- 
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PATIENT SEX 
Males: 59/72 patients (81.9%) 


Females: 13/72 patients (18.1%) 


AGE OF ONSET 
Average age: 27.6 years 


Range: 8- 60 years 


ONSET INTERVAL 
Simultaneous: 26/47 patients (55.3%) 
Interval average: 1.8 months 


Interval range: simultaneous to 9 months 


PROGRESSION OF VISUAL LOSS (87 eyes) 
Average: 3.7 months 


Range : 0 - 24 months 


VISUAL ACUITY 
Better than 20/200: 2 /109 eyes (1.8 %) 


20/200 or worse: 107/109 eyes (98.2 %) 


OPHTHALMOSCOPIC EXAMINATION 


59/101 eyes (58.4 %); 
30/52 patients (57.7 %) 


Suspect fundus: 


Nonsuspect fundus: 42/101 eyes (41.6 %); 
22/52 patients (42.3 %) 
Figure (Newman, Lott, and Wallace). Summary 
statistics of Leber's hereditary optic neuropathy pa- 
tients with the 11778 mutation (72 individuals in 43 
families). Suspect fundus indicates presence of disk 
edema, pseudoedema, hyperemia, telangiectasias or 
vascular tortuosity. 


cludes both cases of true simultaneous onset 
and those in which involvement of the first eye 
went unrecognized. Equally high incidences of 
coincident onset have been reported by van 
Senus, 64.1%,” and Asseman, 70%.” In cases 
of noncoincident visual loss, the second eye is 


usually involved within months of the first. 
Unless we consider as an example of Leber’s 
hereditary optic neuropathy the maternal half- 
sister of our patient designated in Case 65,01 
with unilateral optic neuropathy incidentally 
discovered at age 4 years, our patients did not 
have intervals longer than nine months. The 
duration of progression of visual loss in each 
eye has been described in the literature as 
anything from sudden and rapid to greater than 
two years.”!?74.8 Stabilization in most patients 
occurs by three months,” a figure that paral- 
lels our mean of 3.7 months. 

Other symptoms at the time of acute visual 
loss were reported rarely by our patients. Two 
of our patients reported phenomena similar to 
the light and color sensations described by 
many of van Senus’s patients.” Two other pa- 
tients had transient worsening of vision with 
exercise, a symptom consistent with Uhthoff’s 
symptom in Leber's hereditary optic neuropa- 
thy.'"44 The cause or significance of the more 
prolonged episodes of visual loss reported by 
one of our patients and the maternal cousin of 
another remains unclear. 

Overall, patients with the 11778 mutation 
had a poor visual outcome, with only two of 
109 eyes (1.8%) testing better than 20/200 
(Figure). In previous reports of Leber’s heredi- 
tary optic neuropathy, visual acuities ranged 
from no light perception to 20/20.%77 In 
most reported cases visual acuity deteriorated 
to Snellen acuities of worse than 20/200, and 
only 8% of van Senus’s patients” had visual 
acuities better than 20/200 at the time of stabi- 
lization after acute visual loss. We do not know 
how long after stabilization our patients’ visual 
acuities were obtained. In some cases, a nadir 
may have been missed with subsequent unrec- 
ognized improvement. It is likely, however, 
that most of these patients had vision assessed 
during the acute phase and the data may actual- 
ly underestimate the potential for recovery. 
Only three of our patients have had document- 
ed improvement in their visual acuity (Cases 
44.01, 60.01, and 78.01). Spontaneous recovery 
of some vision in at least one eye was reported 
in 45.2% of patients in van Senus’s pedigrees; 
in 25% of cases this improvement was as good 
as 20/50 in one eye.” Other series reported 
spontaneous improvement in usually a smaller 
percentage of patients, although often years 
after the acute phase.*"** Holt, Miller, and 
Harding’ noted recovery of useful vision in 
members of four Leber’s families negative for 
the 11778 mutation and in none of four Leber's 
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families positive for the mutation. Whether our 
data confirm a poorer visual prognosis for pa- 
tients with Leber’s hereditary optic neuropathy 
and the 11778 mutation requires longer follow- 
up. 

Following the report by Smith, Hoyt, and 
Susac,” which describes the classic ophthalmo- 
scopic appearance in patients with Leber’s he- 
reditary optic neuropathy, Nikoskelainen and 
associates*"!"" noted typical peripapillary 
microangiopathy in all of their acutely symp- 
tomatic Leber’s patients, some of their pre- 
symptomatic patients, and in asymptomatic 
maternal relatives. Lopez and Smith® described 
two patients with Leber’s hereditary optic neu- 
ropathy who did not exhibit the typical Leber’s 
fundus changes even during the acute phase, 
but who had maternal relatives who did, which 
helped to establish the correct diagnosis. 

Ocular fundus descriptions were provided in 
52 of our 72 cases. Even allowing extremely 
liberal criteria for inclusion as suspect fundi, 22 
of these 52 patients (42.3%) had either normal 
fundi or isolated optic disk pallor. Hence, they 
had no ophthalmoscopic findings suggestive of 
Leber’s hereditary optic neuropathy as opposed 
to other causes of bilateral optic atrophy. Simi- 
larly, Smith and colleagues described one pa- 
tient positive for the 11778 mutation who had 
only equivocal ophthalmoscopic findings, al- 
though his mother had definite circumpapillary 
microangiopathy. 

Only nine of the 22 patients lacking suspect 
fundi were examined at the time of acute visual 
loss. One of these nine patients (Case 44.01) 
belonged to a family with several affected fami- 
ly members; we do not have information re- 
garding their acute ophthalmoscopic appear- 
ance. A second patient (Case 30.01) also had 
relatives with visual loss, as well as an asymp- 
tomatic brother with peripapillary telangiecta- 
sias. Two siblings (Cases 74.01 and 74.02), both 
without suspect fundi at the time of acute visual 
loss, were the only affected members of their 
family. The other five patients without suspect 
fundi at the time of acute visual loss were 
singleton cases: 10-, 12-, and 15-year-old boys 
(Cases 76.01, 60.01, and 78.01), a 28-year-old 
man (Case 77.01), and a 54-year-old woman 
(Case 71.01). Results of the ophthalmoscopic 
examinations of maternal relatives of Cases 
60.01, 76.01, and 78.01 were normal (Table 1). 
Hence, there may be nothing in the family 
history, initial ophthalmologic examination, or 
examination of maternal relatives of patients 


with the 11778 mutation to suggest a diagnosis 
of Leber’s hereditary optic neuropathy. Oph- 
thalmoscopic examination alone cannot identi- 
fy individuals harboring the 11778 mutation. 

Most of the neurologic and systemic abnor- 
malities reported in our 11778 mutation pa- 
tients and their families were minor and not 
necessarily related to this particular mitochon- 
drial mutation (Table 1). Families with more 
severe neurologic syndromes and bilateral op- 
tic neuropathies considered identical to Leber’s 
hereditary optic neuropathy have been report- 
ed.” However, neither the California pedigree 
with dystonia and basal gangliar lesions” nor 
the Australian family with movement disor- 
ders, spasticity, and encephalopathy” test posi- 
tive for the 11778 mutation.” 

Two of our pedigrees had a maternally related 
family member with the diagnosis of multiple 
sclerosis. Another patient (Case 37.01) had 
white matter lesions on magnetic resonance 
imaging and oligoclonal bands in the cerebro- 
spinal fluid, nonspecific paraclinical findings 
suggestive of multiple sclerosis. Disease clini- 
cally indistinguishable from multiple sclerosis 
has previously been noted in Leber’s pedi- 
grees 34 

Among our 43 pedigrees, one singleton wom- 
an and the unaffected maternal cousin of a 
singleton man had a history of supraventricular 
tachycardia. An electrocardiogram performed 
on the patient designated Case 44.02 showed a 
short QT interval. Cardiac conduction abnor- 
malities, specifically pre-excitation syndromes, 
have been associated with Leber’s hereditary 
optic neuropathy in numerous pedigrees, 187043 
A more directed study of electrocardiograms 
from multiple family members would be neces- 
sary before conclusions regarding concurrent 
cardiac abnormalities can be drawn. 

The results of ancillary testing on our pa- 
tients were also similar to those discussed in 
the literature. All of the brain computed tomo- 
graphic scans and most magnetic resonance 
images performed were normal. Kermode and 
associates“ performed magnetic resonance im- 
aging on 13 affected Leber’s patients and found 
no brain lesions. Using short-time inversion 
recovery sequences to image the optic nerves in 
eight patients, Kermode and associates" noted 
increased signal within at least one optic nerve 
in each patient. We are unaware if any of the 
patients in our series had short-time inversion 
recovery sequences performed. A patient with 
11778-positive Leber’s hereditary optic neu- 
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ropathy described by Smith and associates” 
had distended, fluid-filled optic nerve sheaths 
demonstrated by computed tomography, mag- 
netic resonance imaging, and orbital ultra- 
sound. 

As would be expected, visual-evoked re- 
sponses in patients affected by Leber’s heredi- 
tary optic neuropathy may be absent or show 
increased latencies, decreased amplitudes.!** 
Standard flash electroretinograms are typically 
normal in patients with Leber’s hereditary op- 
tic neuropathy.” Our data support this, al- 
though a 54-year-old man in our series had an 
electroretinogram suggesting abnormal scotop- 
ic function. This is interesting in light of some 
data of van Senus in which dark adaptation 
(also a function of the rods) was abnormal in a 
significant proportion of his patients.” 

The determinants of expression in Leber’s 
hereditary optic neuropathy remain specula- 
tive. In those pedigrees positive for the 11778 
mutation, not all of the maternal relatives at 
risk will develop visual loss. In some families, 
heteroplasmy may be partially responsible for 
the clinical expression of the disease. Progres- 
sive enrichment of the mutant mitochondrial 
DNA content from one generation to the next 
has been demonstrated in several 11778-posi- 
tive pedigrees”*"* and correlated in some with 
disease phenotype.*’* Seven of our pedigrees 
were heteroplasmic, six of them represented by 
singleton cases. This is likely an underestimate 
of the incidence of heteroplasmy, since in some 
singleton cases, blood samples were received 
only from the affected individual and not from 
maternal relatives. If enrichment of the content 
of the mutation helps to determine phenotypic 
expression, then it is possible that the proband 
could be 100% mutant while unaffected sib- 
lings or members of prior generations are het- 
eroplasmic. In a previous publication,’ we dem- 
onstrated this progressive enrichment and 
relation to phenotype in two pedigrees (No. 10 
and 39). We have found this also to be the case 
in two generations of singleton family No. 37. It 
is theoretically possible that varying degrees of 
heteroplasmy among tissues could result in 
different proportions of mutant mitochondrial 
DNA in the optic nerves and retinas of individ- 
uals who test similarly for the mutation in 
blood. 

Other factors likely contribute to phenotypic 
expression. The significant male predominance 
in Leber’s hereditary optic neuropathy could 
reflect X-linked nuclear-encoded modification 


of mitochondrial DNA expression. An attempt 
to link Leber's hereditary optic neuropathy 
with markers on the X chromosome in the 
Tasmanian family in our series was unsuccess- 
ful,“ but Vilkki and associates* recently sug- 
gested X-linkage to the liability of phenotypic 
expression in Leber's pedigrees both with and 
without the 11778 mutation. 

Systemic illnesses, nutritional deficiencies, 
and exposure to substances toxic to mitochon- 
drial energy production have all been proposed 
as potential precipitating factors, presumably 
because of their potential to cause respiratory 
stress." One singleton case in our series, a 
boy with onset of visual loss at age 8 years, had 
documented exposure to a toxic waste site. In 
pedigree No. 44, a family with multiple affected 
members with visual dysfunction onset typical- 
ly in the 30s, a 9-old-girl (Case 44.01) had 
visual loss in the setting of six months of 
unrecognized diabetes mellitus. Her systemic 
illness may have placed a significant stress on 
mitochondrial energy production. 

The clinical characteristics of our affected 
individuals harboring the 11778 mutation are 
not dissimilar from those previously reported 
among members of Leber’s families. This is 
partly a result of the wide clinical variability of 
this disease even among members of the same 
pedigree. What is remarkable about our series, 
however, is the large proportion of pedigrees 
with only a single affected family member. To 
some degree, this reflects a referral bias for 
those cases without an established familial di- 
agnosis. Previously, the diagnosis of Leber’s 
hereditary optic neuropathy in patients without 
a family history for the disease was made tenta- 
tively by recognition of the classic manifesta- 
tion in a young man with the typical ophthal- 
moscopic appearance or by recognition of this 
ophthalmoscopic appearance in asymptomatic 
maternal relatives.****** Three of our singleton 
patients (Cases 15.01, 25.01, and 71.01) were 
women. Five singletons (Cases 16.01, 47.01, 
60.01, 76.01, and 78.01) were younger than 16 
years old; three (Cases 35.01, 71.01, and 73.01) 
were older than 49 years. Eight individuals 
without family history (Cases 8.01, 55.01, 
60.01, 67.01, 71.01, 76.01, 77.01, and 78.01) 
never had even suspect fundus findings docu- 
mented. The maternal relatives of four of these 
eight patients were examined and they, too, 
had nonsuspect fundi. Genetic testing for the 
11778 mitochondrial DNA mutation estab- 
lished the diagnosis of Leber’s hereditary optic 
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neuropathy under clinical circumstances that 
otherwise would not have suggested the dis- 
ease. 

Given the atypical characteristics of some of 
our singleton cases, the question arises as to 
whether some of the test results are false- 
positive, and these cases are not actually exam- 
ples of Leber’s hereditary optic neuropathy. 
The original report by Wallace and associates’ 
included 45 independent, unrelated controls. 
At least 180 additional control subjects nega- 
tive for the mutation have since been described 
in the literature.™®® The 80 negative controls in 
this study bring the total to over 300 controls 
without a single false-positive test. Interesting- 
ly, given the number of singleton pedigrees 
documented, it is reasonable to suspect that a 
so-called “false-positive” test will occur in 
time, but to prove this “falsehood” may need 
several generations. 

The availability of a simple genetic test for 
the 11778 mitochondrial DNA mutation to es- 
tablish the diagnosis of Leber's hereditary optic 
neuropathy has far reaching implications for 
patients, their families, and their physicians. It 
may obviate the need for extensive and expen- 
sive ancillary testing, provide important infor- 
mation for genetic and family counseling, ex- 
pand our view of what constitutes the clinical 
phenotype of Leber’s hereditary optic neuropa- 
thy, allow for clinical comparison with other 
genotypic abnormalities, and establish a genet- 
ically homogeneous database for future stud- 
ies. The last point is of particular importance 
for any therapeutic trials and may identify indi- 
viduals at risk before visual loss or involvement 
of the fellow eye. 
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OPHTHALMIC MINIATURE 

I, too, was busy, trying to reason out how he was aware of the existence of 
so intangible a thing as a shadow. If it were his eyeballs onlv that were 
affected, or if his optic nerve were not wholly destroyed, the explanation 
was simple. If otherwise, then the only conclusion I could reach was that 
the sensitive skin recognized the difference of temperature between shade 
and sunshine. Or, perhaps,—who can tell?—-it was that fabled sixth sense 
which conveyed to him the loom and feel of an object close at hand. 


Jack London, The Sea Wolf 


New York, Bantam Books, 1986, p. 216 
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PERSPECTIVES 


Lacrimal Gland Epidermal Growth Factor Production and 


the Ocular Surface 
Steven E. Wilson, M.D. 


Aqueous tear secretion has long been attrib- 
uted to the main and accessory lacrimal glands 
and is an important function that is essential 
for maintaining the integrity of the ocular sur- 
face. Previous studies, however, demonstrated 
that the lacrimal gland contributes other com- 
ponents to tears, including peroxidase,’ amy- 
lase,” beta-hexosaminidase,? and retinol.‘ 
Recently, investigations devoted to the produc- 
tion of epidermal growth factor suggested more 
provocative regulatory functions for the lacri- 
mal gland relating to maintenance of the ocular 
surface and the control of wound healing. 

Epidermal growth factor was first identified 
as a component of mouse tears by Tsutsumi, 
Tsutsumi, and Takami.’ Subsequent reports 
have confirmed that human tears also contain 
epidermal growth factor.*’ Immunologic identi- 
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fication of epidermal growth factor-like protein 
within the lacrimal gland provided the first 
evidence that the lacrimal gland synthesizes 
epidermal growth factor.** Immunologic detec- 
tion, however, offered only suggestive evidence 
that the lacrimal gland actually produced epi- 
dermal growth factor, since the identified pro- 
tein could have localized to the lacrimal tissue 
by sequestration rather than synthesis. Addi- 
tionally, there are other proteins known to 
contain epidermal growth factor-like sequenc- 
es that could be identified by anti-epidermal 
growth factor immunoglobulin. Recently, how- 
ever, epidermal growth factor precursor mes- 
senger RNA has been identified in mouse,” 
rabbit (unpublished data), and human (unpub- 
lished data) lacrimal gland by sensitive molecu- 
lar biologic techniques. Since the epidermal 
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growth factor precursor messenger RNA mole- 
cule specifies the sequence for the epidermal 
growth factor precursor protein, these studies 
provided conclusive evidence that lacrimal 
gland actually synthesizes the growth factor. 

Although disparate reports continue to ap- 
pear, a number of studies have reported that 
epidermal growth factor can stimulate prolifer- 
ation or migration of ocular surface epitheli- 
um.’ The presence of epidermal growth factor 
in tears and identification of epidermal growth 
factor receptors on the surface of corneal and 
conjunctival epithelial cells*™® suggest the pos- 
sibility of exocrine participation by the lacrimal 
gland in ocular surface maintenance and 
wound healing. Additional autocrine, para- 
crine, or endocrine roles cannot, however, be 
excluded. Thus far, epidermal growth factor is 
the only growth factor that has been shown to 
be synthesized by the lacrimal gland. However, 
other lacrimal gland-produced growth factors 
probably will be identified. 

The lacrimal gland is innervated by sympa- 
thetic, parasympathetic, and peptidergic nerve 
fibers.” Alpha-adrenoreceptor stimulation has 
been shown to increase secretion of peroxidase 
from lacrimal gland cells in vitro.” A reflex arc 
connecting the efferent innervation of the cor- 
nea with the afferent innervation of the lacri- 
mal gland, analogous to reflex aqueous tear 
secretion in response to corneal stimulation, 
could provide a precisely controlled system for 
increasing epidermal growth factor (and per- 
haps other regulatory factors) in response to 
ocular surface injury. 

Clinicians are frequently frustrated by the 
poor correlation between aqueous tear produc- 
tion and the extent of ocular surface disease in 
keratoconjunctivitis sicca.” The poor sensitivi- 
ty of tests used to detect keratoconjunctivitis 
sicca, such as the Schirmer test, which quanti- 
tates aqueous tear production, has been well 
documented.” Perhaps deficient epidermal 
growth factor or other regulatory factor produc- 
tion by the lacrimal gland, independent of aq- 
ueous tear production, is instrumental in the 
pathogenesis of the disease in at least a sub- 
group of patients with dry eye syndrome. Topi- 
cal administration of the appropriate factor 
might offer significant therapeutic benefits for 
these individuals. 

Alterations in lacrimal gland growth factor 
production could also occur after ophthalmic 
division trigeminal nerve lesions and contrib- 
ute to decreased epithelial cell mitosis,” de- 


creased wound healing,” and decreased epithe- 
lial thickness,” which are characteristic of 
neurotrophic corneal ulcers. Similarly, one 
could hypothesize that abnormal lacrimal 
gland growth factor production could have a 
role in persistent corneal epithelial defects. 

If a nervous system regulatory arc exists be- 
tween the ocular surface and the lacrimal gland, 
one might expect augmented lacrimal epider- 
mal growth factor or other growth factor pro- 
duction by the lacrimal gland in response to 
corneal injury. Depending on the timing of 
exogenous epidermal growth factor administra- 
tion relative to endogenous epidermal growth 
factor production by the lacrimal gland, epider- 
mal growth factor receptors on the epithelial 
cells could be occupied and, therefore, little 
additional effect from the exogenous epidermal 
growth factor might be noted. Alternatively, 
epithelial epidermal growth factor receptor 
down-regulation produced by the sporadic ad- 
ministration of topical epidermal growth factor? 
could theoretically interfere with a system that 
features precisely controlled release of endoge- 
nous epidermal growth factor. Rational design 
of protocols for exogenous epidermal growth 
factor administration to facilitate wound heal- 
ing will only be possible when we achieve a 
more thorough understanding of endogenous 
epidermal growth factor production by the lac- 
rimal gland and epidermal growth factor recep- 
tor regulation by the epithelial cells of the 
ocular surface. 

Finally, if lacrimal gland epidermal growth 
factor production makes a significant contribu- 
tion to ocular surface wound healing, then it 
may be possible to modify more directly the 
wound healing response through the adminis- 
tration of pharmacologic agents that either in- 
crease or decrease epidermal growth factor pro- 
duction, depending on the clinical situation. 
Thus, in patients with corneal epithelial defects 
it might be advantageous to stimulate lacrimal 
epidermal growth factor production. After re- 
fractive surgical procedures, either stimulation 
or inhibition of lacrimal gland epidermal 
growth factor production could be appropriate 
depending on the initial response to surgery 
and the effect of epidermal growth factor on 
stromal remodeling and epithelial hyperplasia. 

In retrospect, considering the level of interest 
in corneal wound healing and growth factors, it 
seems ironic that the discovery of lacrimal 
gland epidermal growth factor occurred only 
recently. This new appreciation for the once 
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lowly lacrimal gland may lead to insights with 
far-reaching clinical and research implications. 


From the Department of Ophthalmology, University 
of Texas Southwestern Medical Center, Dallas, Texas. 

Reprint requests to Steven E. Wilson, M.D., Depart- 
ment of Ophthalmology, University of Texas Southwest- 
ern Medical Center, 5323 Harry Hines Blvd., Dallas, TX 
75235, 
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How Safe Are Disposable Soft Contact Lenses? 
Thomas John, M.D. 


Bacterial keratitis and corneal ulceration 
have been recognized as vision-threatening 
complications that may be related to soft con- 
tact lenses, especially extended-wear lenses. 
Disposable soft contact lenses were introduced 
because it was thought that frequent replace- 
ment would minimize or eliminate infectious 
complications of soft contact lens wear. Corne- 
al infection is the most dreaded complication 
associated with the wearing of soft contact 
lenses. Thus, if no corneal infection occurs with 
disposable soft contact lenses, they can be con- 
sidered relatively safe. Now that the disposable 
soft contact lens is a reality and is slowly 
increasing in popularity, one needs to ask, 
“How safe are disposable soft contact lenses?” 

When conventional soft contact lenses were 
introduced initially in the United States, they 
were considered to be relatively safe, and some 
were approved by the Food and Drug Adminis- 
tration for continuous wear for up to one 
month. These conventional extended-wear soft 
contact lenses provided clear vision during the 
waking hours, and they quickly became popu- 
lar. 

In the mid-1980s, with the increasing use of 
conventional soft contact lenses for daily wear 
and especially for extended wear, potential soft 
contact lens—related complications began to be 
apparent, of which Pseudomonas corneal ulcera- 
tion was the most feared. Pseudomonas aerugi- 
nosa was identified as the most common organ- 
ism related to the use of both daily-wear and 
extended-wear soft contact lenses. At that time, 
it was also known that cleaning of these lenses 
did not remove all of the lens surface coatings 
and deposits. There was an increase in infec- 
tious complications related to conventional soft 
contact lens wear and to the inability to clean 
these lenses completely. It was in this setting 
that disposable soft contact lenses were 
developed. Frequent changes to new lenses 
were thought to solve the problem of corneal 
infections related to the wearing of convention- 
al soft contact lenses. 

Ten patients with culture-proved infectious 
keratitis and corneal ulceration associated with 
the use of disposable soft contact lenses have 
been described in published reports.” Of these 
ten infections, nine were bacterial and one was 


caused by Acanthamoeba. In these cases, the 
most common organism cultured was P, aerugi- 
nosa, which accounted for seven cases of corne- 
al infections.” Is history repeating itself? Is the 
situation the same with disposable soft contact 
lenses as what happened with conventional 
soft contact lenses in the mid-1980s? 

Of six patients on whom data were available, 
three did not follow instructions for discarding 
the lenses and used their disposable soft con- 
tact lenses for more than the recommended 
maximum period of two weeks (Table). Dispos- 
able soft contact lenses are similar in gross 
appearance to the conventional daily-wear and 
extended-wear soft contact lenses, which some 
of the patients may have used before changing 
to disposable lenses. Therefore, individuals 
may have found it difficult to discard a new lens 
every two weeks as prescribed. Instead, they 
may have used these lenses longer and thus 
used fewer lenses in an attempt to decrease the 
annual cost. Hence, there is a potential for 
noncompliance, which may contribute to cor- 
neal complications. 

According to a recent survey, wearers of dis- 
posable soft contact lenses account for 6.4% of 
all contact lens wearers." This number is expect- 
ed to increase in the immediate future. If the 
present rate of noncompliance continues, more 
corneal complications may result. Therefore, it 
is important that those who dispense dispos- 
able soft contact lenses instruct their patients to 
discard the lenses after two weeks of use. 

Currently, three types of disposable soft con- 
tact lenses are available in the United States: 
Acuvue (Vistakon Co., Johnson and Johnson), 
introduced in January 1987; SeeQuence 
(Bausch and Lomb), introduced in June 1988; 
and NewVues (CIBA Vision), introduced in 
April 1989. The water content of these lenses 
ranges from 38% (SeeQuence) to 58% 
(Acuvue). Weissman and associates’ stated that 
“disposable lenses are just as likely to cause 
hypoxic stress to the cornea as other reusable 
hydrogel contact lenses of similar composition 
and water content.” Hence, with regard to 
corneal stress secondary to contact lens wear, 
disposable soft contact lenses are not better 
than conventional lenses of similar composi- 
tion and hydration and can lead to corneal 
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TABLE 
REPORTED CASES OF CULTURE-PROVEN PSEUDOMONAS KERATITIS/CORNEAL ULCERATION RELATED TO WEAR OF 
DISPOSABLE SOFT CONTACT LENSES* 


seca ee 





TIME LENS 
WAS FIRST VISUAL ACUITY ULCER 
AGE (vrs}, DISCARDED ULCER SIZE SOURCE OF 
STUDY SEX COMPLIANCE (DAYS) INITIAL FINAL SITE (MM) INFECTION 
Killinsworth and 18,M Yes 7 CF at 1 foot CF Peripheral 5.0 Unknown 
Stern’ 
Kersher® 19, NA No 21 20/400 NA Central 1.0 Unknown 
Rabinowitz and 50, F No 7-9 NA NA Peripheral 1.0 Sterile aerosol 
Pflugfelder* saline 
Dunn and 27, F No > 14 20/60 20/60 Central 3.0 Unknown 
associates* 
Kent and 32,M Yes infected' 20/80 20/25 Peripheral 1.5 Unknown 
associates’ 
Kent and 23, M Yes infected! 20/80 Pinhole vision, NA Central 2.2 Unknown 
associates? 
Glastonbury and 24, NA NA NA LP 20/30 Central NA Unknown 
Crompton? 


O ne 


*NA indicates not available: CF indicates counting fingers; and LP indicates light perception. 


tThe infection occurred before the first lens was discarded. 


complications secondary to hypoxic stress, sim- 
ilar to those associated with conventional soft 
contact lenses. 

Soft contact lenses can be categorized into 
three groups: new lenses; worn, coated lenses; 
and worn lenses with large surface deposits (= 
150 pm). Pseudomonas aeruginosa has been 
shown to adhere to new soft contact lenses 
when these lenses are exposed to bacteria in 
vitro. When the new lenses are worn for one or 
two weeks, they rapidly become coated with 
various tear components, especially lyso- 
zyme.” Pseudomonas aeruginosa can adhere to 
these coated lenses. Pseudomonas aeruginosa 
also adheres preferentially to large surface de- 
posits (= 150 wm). In disposable soft contact 
lenses, only the formation of large surface de- 
posits has been eliminated.” Hence, only a part 
of the potential cause of infection has been 
eliminated. Bacteria can still adhere to new and 
worn, coated disposable soft contact lenses, 
and corneal ulceration can result. Two of the 
patients previously described’ had received 
new disposable soft contact lenses for the first 
time and developed P. aeruginosa corneal ulcer- 
ations within approximately two days and one 
day, respectively (Table). These two patients 
had not even removed their new lenses when 
the corneal infection developed. One patient 
from Denmark? was vacationing in Australia 
and had her disposable soft contact lenses 


mailed to her from Denmark every two weeks 
(Table). She developed a P. aeruginosa corneal 
ulcer while she was on vacation. In one patient,’ 
P. aeruginosa was cultured from a supposedly 
sterile aerosol saline solution. 

In addition to cases of bacterial corneal infec- 
tion, Ficker and associates’ described a 20-year- 
old woman with Acanthamoeba keratitis who 
had worn new disposable soft contact lenses for 
six days. 

It is thus evident that, contrary to earlier 
predictions, disposable soft contact lenses ap- 
pear not to be entirely safe with regard to 
infectious keratitis and corneal ulceration. 

Disposable soft contact lenses have added a 
new dimension to contact lens use by providing 
convenience to the wearers, eliminating the 
conventional lens case as a potential source of 
contamination of lenses with bacteria or Acan- 
thamoeba, and possibly avoiding the formation 
of large surface deposits (= 150 pm). Dispos- 
able soft contact lenses, however, can cause 
significant vision-threatening corneal ulcera- 
tion. It is important to select individuals for 
disposable soft contact lens wear carefully and 
to instruct them about proper lens use. Prefera- 
bly, these lenses should be worn on a daily- 
wear basis rather than for one week, and they 
should be discarded after two weeks of wear. 

At present, one can answer the question 
“How safe are disposable soft contact lenses?” 
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by stating that these lenses certainly do not 
provide the solution to all problems related to 
conventional wear of soft contact lenses. 
Hence, continued caution must be exercised by 
all eye care specialists who dispense disposable 
soft contact lenses. 





Reprint requests to Thomas John, M.D., Visual Scienc- 
es Center, University of Chicago, 939 E. 57th St., Chica- 
go, IL 60637. 
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LETTERS TO THE JOURNAL 


Acute Dacryocystitis After Punctal 
Occlusion for Keratoconjunctivitis 
Sicca 


Herbert J. Glatt, M.D. 


Section of Ophthalmology, Department of Surgery, 
University of Tennessee Medical Center at Knoxville, 
and Ophthalmology Service, Department of Surgery, 
East Tennessee Baptist Hospital. 


Inquiries to Herbert J. Glatt, M.D., University Eye 
Surgeons, 1928 Alcoa Highway, Knoxville, TN 37920. 

A 76-year-old woman with severe keratocon- 
junctivitis sicca unresponsive to topical lubri- 
cants was treated with permanent occlusion of 
all four puncta by another physician. Three 
weeks later, the patient’s dry eye symptoms and 
superficial punctate keratopathy had resolved. 

Eleven weeks after punctal occlusion, the 
patient had left-sided pain, redness, and swell- 
ing of the medial canthal area, adjacent eyelids, 
and conjunctiva. The patient was treated with 
oral dicloxacillin and topical erythromycin. 

I first examined the patient one month later. 
Although her symptoms had improved with 
antibiotic therapy, she still was in pain. On 
examination, a 9 x 7-mm mass was palpable in 
the region of the left lacrimal sac. Mild tender- 
ness was noted. All four puncta were occluded. 
Pressure on the lacrimal sac mass produced no 
reflux of pus through the previously occluded 
puncta. 

Three weeks later, a dacryocystorhinostomy 
was performed. The lacrimal sac was dilated 
and contained pus. Biopsy of the posterior lacri- 
mal sac flap disclosed chronic inflammation. A 
small punctal dilator could be passed through 


the previously occluded lower punctum into the 
lower canaliculus. A Bowman probe could then 
be passed through the lower canaliculus into 
the lacrimal sac. No resistance was noted at the 
common canaliculus. Seven weeks after the 
operation, the patient had no pain, and no mass 
was palpable in the region of the lacrimal sac. 
Four months after the operation, the patient 
continued to do well. 

Acute dacryocystitis generally occurs in pa- 
tients with nasolacrimal duct obstruction and 
chronic dacryocystitis who develop sufficient 
inflammatory swelling of the wall of the lacri- 
mal sac to occlude the common canaliculus 
secondarily.’ The lacrimal outflow tract is then 
blocked in two places, and the infectious con- 
tents of the lacrimal sac are confined within a 
closed space. Inflammatory exudate and cells 
then distend the sac, which causes the severe 
pain and contiguous inflammation characteris- 
tic of acute dacryocystitis. My patient presum- 
ably had preexisting asymptomatic nasolacri- 
mal duct obstruction. Iatrogenic occlusion of 
the upper and lower puncta created a complete 
proximal block of the lacrimal outflow tract, 
which isolated the nonsterile contents of the 
lacrimal sac from any drainage outlet. The de- 
velopment of acute dacryocystitis 11 weeks 
after punctal occlusion suggests a causal rela- 
tionship, although this cannot be stated with 
absolute certainty. 

Superficial punctate keratopathy was initially 
noted in this patient despite the preexisting 
block at the level of the nasolacrimal duct and 
was eliminated by creation of a more proximal 
block at the level of the puncta. Presumably, 
the block of the nasolacrimal duct caused fluid 


Aaretti rata Sorbets erste h Laana ArT AEB RRA TR ATEA m Ye rr AA aa mamama aha a A e a hera aAA Aaaama anman meres nr e ftir ister tree hry NA 


THe JourNAL welcomes letters that describe unusual clinical or pathologic findings, experimental results, and 
new instruments or techniques. The title and the names of all authors appear in the Table of Contents and are 
retrievable through the Index Medicus and other standard indexing services. Letters must not duplicate data 
previously published or submitted for publication. Each letter must be accompanied by a signed disclosure 
statement and copyright transfer agreement published in each issue of THE JOURNAL. 

Letters must be typewritten, double-spaced, on 8 1/2 x 11-inch bond paper with 1 1/2-inch margins on all four 
sides. (See Instructions to Authors.) An original and two copies of the typescript and figures must be sent. The 
letters should not exceed 500 words of text. A maximum of two black-and-white figures may be used; they 
should be cropped to a width of 3 inches (one column). Color figures cannot be used. References should be 
limited to five. 

Letters may be referred to outside editorial referees for evaluation or may be reviewed by members of the 
Editorial Board. All letters are published promptly after acceptance. Authors do not receive galley proofs but if 
the editorial changes are extensive, the corrected typescript is submitted to them for approval. 

These instructions markedly limit the opportunity for an extended discussion or review. Therefore, THE 
JourRNAL does not publish correspondence concerning previously published letters. 


769 





770 AMERICAN JOURNAL OF OPHTHALMOLOGY 


June, 1991 


DOODO ON EEEE A nnana nnana 


to accumulate in the lacrimal sac but did not 
result in significant moistening of the ocular 
surface. 

The presence of nasolacrimal duct obstruc- 
tion in a patient with dry eyes may not be 
obvious. Epiphora may not be present if a 
decrease in tear outflow is balanced by a de- 
crease in tear production. Patients with naso- 
lacrimal duct obstruction may remain uninfect- 
ed or develop mild chronic dacryocystitis that 
causes minimal symptoms. Dry eyes can be 
associated with mucoid discharge and mild 
epiphora. 

Before performing punctal occlusion for kera- 
toconjunctivitis sicca, assessment of the lacri- 
mal outflow tract is warranted. A directed his- 
tory, palpation of the lacrimal sac, and 
canalicular irrigation may disclose evidence of 
nasolacrimal duct obstruction. If asymptomatic 
nasolacrimal duct obstruction is detected in a 
patient with keratoconjunctivitis sicca who is a 
candidate for punctal occlusion, prophylactic 
dacryocystorhinostomy may be considered to 
prevent precipitation of acute dacryocystitis. 
Even if prophylactic dacryocystorhinostomy is 
not performed, assessment of the lacrimal out- 
flow tract before punctal occlusion will simplify 
subsequent evaluation of a mass in the region 
of the lacrimal sac. 
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Macular Edema in Acquired 
immunodeficiency 
Syndrome—Related 
Microvasculopathy 


Alan G. Palestine, M.D., 
and Benjamin Frishberg, M.D. 


Inquiries to Alan G. Palestine, M.D., 1145 19th St. 
N.W., Ste. 607, Washington, DC 26036. 

The most common ocular manifestation of 
the acquired immunodeficiency syndrome is 
the development of a noninfectious retinopathy 
consisting of cotton-wool spots, small retinal 
hemorrhages, and microvascular abnormali- 


ties, such as microaneurysms, telangiectasia, 
and capillary loss.'* The observed characteris- 
tics of the retinal abnormalities do not differ 
significantly from those present in diabetes 
mellitus, hypertension, and collagen vascular 
diseases. These clinical findings result from a 
microvasculopathy that is pathologically simi- 
lar to diabetes mellitus.’4 This background reti- 
nopathy has been observed in 30% to 53% of 
patients with AIDS.'”° Microvascular fluoresce- 
in angiographic abnormalities were reported in 
all 13 patients in the study of Newsome and 
associates.’ The more severe manifestations of 
microvascular retinal disease, however, such as 
macular edema or proliferative retinopathy, 
have not been observed in patients with AIDS. 
The fundamental cause for the appearance of 
microvascular retinal disease in patients with 
AIDS is still unclear, but deposition of circulat- 
ing immune complexes has been implicated.’ 
These findings are more frequently observed as 
patients develop increasing immunosuppres- 
sion from the human immunodeficiency virus 
infection. We treated a patient who developed 
symptomatic macular edema related to micro- 
vascular retinal disease. 

A 59-year-old woman was examined for a 
recent decrease in vision in the left eye. Visual 
acuity was R.E.: 20/30 and L.E.: counting fin- 
gers. Examination disclosed a small patch of 
cytomegalovirus retinitis in the right eye nasal 
to the optic disk with multiple cotton-wool 
spots in the posterior pole. The left eye had 





Fig. 1 (Palestine and Frishberg). Fluorescein angio- 
gram of the right eye demonstrating microvascular 
retinal leakage without perifoveal telangiectasia or 
leakage in the presence of clinical cystoid macular 
edema. Visual acuity was 20/200. 
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extensive cytomegalovirus optic neuropathy. 
The patient had been HIV positive for four 
years and had been well until two months 
before her visual symptoms, when she devel- 
oped a progressive weight loss, fatigue, and 
diarrhea followed by a progressive ataxia. A 
magnetic resonance imaging scan was consis- 
tent with HIV encephalitis. 

The patient received a two-week regimen of 5 
mg/kg of body weight of ganciclovir twice 
daily for induction followed by 5 mg/kg of 
body weight daily. She returned after the in- 
duction therapy with a marked decrease in 
vision in the right eye. The cytomegalovirus 
retinitis was inactive in both eyes, but there was 
extensive cystoid macular edema in the right 
eye with visual acuity of 20/200. Fluorescein 
angiography disclosed multiple foci of micro- 
vascular retinal leakage in the posterior pole 
without leakage near the fovea (Fig. 1). Visual- 
evoked potential testing demonstrated no ab- 
normalities in the right eye. Light focal argon 
green laser photocoagulation was applied to 
the microvascular abnormalities in the right 
eye. Two weeks later visual acuity improved to 
20/70 with the appearance of new lipid exu- 
dates in the macula. After three additional 
weeks, visual acuity improved to 20/50 with 
the development of a prominent macular star as 
the macular edema resolved totally (Fig. 2). 
Visual acuity remained stable at 20/40 one 
month later. 

The development of a macular star is consis- 
tent with macular edema induced by a micro- 
vasculopathy. Lipid exudates associated with 
macular edema are common in diseases such as 
diabetes mellitus but are rarely observed in 
retinal inflammations despite the extensive 
macular capillary leakage. Additionally, dia- 
betic macular edema responds to laser photoco- 
agulation, whereas the macular edema of reti- 
nal inflammation does not respond. The 
development of AIDS-related macular edema is 
unusual, but, as in diabetes mellitus, this may 
be related to the length of time that the under- 
lying disease is present. If survival for patients 
with AIDS increases significantly, this may be- 
come a more frequently observed and poten- 
tially treatable cause of visual loss. 
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Fig. 2 (Palestine and Frishberg}. The right eye five 
weeks after laser photocoagulation demonstrating 
the development of a macular star with the disap- 
pearance of clinical macular edema. Visual acuity 
was 20/50 +2. 
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Treatment of carotid-cavernous sinus fistulas 
by balloon embolization has resulted in low 
morbidity and mortality.” The development of 
transient and permanent cranial nerve palsies 
after successful embolization of carotid-cavern- 
ous sinus fistulas, however, has been reported 
to be as high as 67% and 33%, respectively.’” 
We treated a patient who underwent balloon 
embolization of a direct carotid-cavernous si- 
nus fistula and developed transient multiple 
cranial nerve palsies. 

A 21-year-old man had a continual rushing 
noise, heard mostly on the left side of his head, 
and stabbing pain in the left eye. Approximate- 
ly six months previously, the patient had sus- 
tained direct trauma to the left side of his face. 
Initially, he had a gradual decrease and eventu- 
al loss of vision during a one-month period and 
a gradual worsening of the constant rushing 
noise. Visual acuity was 20/20 in the right eye, 
and results of external and fundus examina- 
tions were normal. Visual acuity of the affected 
left eye was 20/200, and external examination 
disclosed a palpable thrill over the left orbit. 
The pupil was 6 mm and sluggishly reactive 
with a marked afferent pupillary defect. Extra- 
ocular movements were full except on upgaze. 
A 20-diopter exotropia was noted. The left eye 
was proptotic with a Hertel exophthalmometry 
reading of 24, compared to 16 in the right eye. 
The scleral vessels were engorged (Fig. 1). In- 
traocular pressure varied with the supraorbital 
pulsations between 24 and 32 mm Hg. Ophthal- 
moscopy showed a pale disk with slightly in- 
creased tortuosity of fundus vessels as com- 





vessels in the left eye. 





Fig. 1 (Sabates and associates). Engorged scleral 





Fig. 2 (Sabates and associates). Arteriogram of left 
internal carotid artery after balloon embolization. 
Note closure of the fistula. 


pared to the vessels of the unaffected eye. A 
computed tomographic scan disclosed a dilated 
superior ophthalmic vein and a tripod fracture 
of the orbit. Arteriography confirmed the diag- 
nosis of carotid-cavernous sinus fistula. Balloon 
embolizations closed the fistula successfully on 
the fourth attempt (Fig. 2). 

Nine days postoperatively, the patient de- 
veloped multiple cranial nerve palsies, includ- 
ing the oculomotor nerve, the trochlear nerve, 
the upper branch of the olfactory nerve, and the 
abducent nerve. Repeat scans disclosed a gen- 
eralized enlargement of the previously em- 
bolized balloons. We speculated that imbibition 
of fluid into the balloon enlarged its original 
size and caused compression of the cranial 
nerves located in the venous sinus. The balloon 
contains contrast media that can often have 
twice the serum osmolarity. 

We attempted to change the osmotic gradient 
and decrease the size of the balloon. Normal 
saline (2 1) and furosemide (80 mg) were given 
initially to increase the serum osmolarity. The 
patient was also given 200 mg of carbamaze- 
pine orally three times a day. The urine and 
serum osmolalities and the blood urea nitrogen 
and creatinine levels were monitored closely. 
The initial serum osmolality was 274 mOsm 
upon admission with a urine osmolality of 431 
mOsm. After three days of constant diuresis, a 
serum osmolality of 312 mOsm was attained 
and coincided with resolution of all the cranial 
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nerve palsies. Repeat scans showed a reduction 
in size of the previously enlarged balloon to a 
size smaller than it was originally. We believe 
that our attempts at hemoconcentration of the 
serum was responsible for alleviating the pain 
and cranial nerve palsies rapidly, but we cannot 
rule out the possible therapeutic involvement 
of carbamazepine. 
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Contralateral Cavernous Sinus 
Syndrome After Retrobulbar 
Anesthetic Injection 
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Complications of retrobulbar injections most 
commonly result from mechanical injury to the 
eye. Nervous system complications include 
generalized seizures and obtundation, presum- 
ably from intrathecal injection. Oculomotor 
weakness in the contralateral eye is uncom- 
mon.’? 

A 62-year-old man was admitted for planned 
left extracapsular cataract extraction under lo- 
cal anesthesia. Preoperative ocular examina- 
tion showed bilateral cataracts and a 15-diopter 
alternating exotropia. Versions were full, and 
there was no relative afferent pupillary defect. 
The anesthetic was a 50:50 mixture of 2% lido- 
caine and 0.5% bupivacaine hydrochloride 
with 150 USP units/10 ml of hyaluronidase. 
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After an uncomplicated modified Van Lint in- 
jection of 5 ml, a 4-ml retrobulbar injection was 
given with a sharp, 3.2-cm, 25-gauge needle. 
The injection was given through the lower eye- 
lid at the junction of the lateral one third and 
medial two thirds with the patient looking 
straight ahead. When the tip of the needle was 
beyond the rear of the globe, it was directed 
superiorly to a total depth of approximately 2.5 
cm. There was no blood return on aspiration 
before injection. Approximately ten to 15 sec- 
onds after the injection the patient had rigors 
and shivering that he could not control. He 
remained alert with no respiratory depression. 
His systolic blood pressure increased from 150 
to 195 mm Hg, and he was treated with 5 mg of 
intravenous labetalol hydrochloride. The rigors 
resolved in approximately two minutes. After 
the injection there was incomplete akinesia of 
the left (ipsilateral) eye, with some motility in 
all fields of gaze. Examination of the other eye 
demonstrated dysfunction of the oculomotor, 
trochlear, ophthalmic, maxillary, and abducent 
nerves. Snellen visual acuity was not mea- 
sured; however, the patient reported no de- 
crease in vision. As pupil function returned, 
there was no relative afferent pupillary defect. 
All deficits resolved within one hour. 

We believe this case represents a contralater- 
al cavernous sinus syndrome consequent to 
retrobulbar anesthesia. This patient's syn- 
drome may have resulted from injection of 
anesthetic into an orbital vein, which then 
passed to the contralateral cavernous sinus by 
way of the intercavernous sinus that connects 
the two cavernous sinuses. The promptness of 
the patient's shivering suggests intravascular 
injection and systemic distribution of the anes- 
thetic. Simultaneous deficits in the contralater- 
al oculomotor, trochlear, trigeminal, and abdu- 
cent nerves strongly suggest a disturbance in 
the cavernous sinus. Previous reports of contra- 
lateral motility deficits implicated unintended 
injection into the subdural’? or subarachnoid 
space.’ A subarachnoid injection sufficient to 
block the contralateral eye should be accompa- 
nied by other nervous system abnormalities. 
Similarly, subdural injection of anesthetic 
should not cause shivering. Other reports of 
contralateral ocular motor weakness without 
blindness after retrobulbar anesthesia might be 
similarly explained. Despite the absence of 
blood reflux with aspiration before injection, 
unintended intravascular administration is still 
possible. Cavernous sinus injection should be 
included in the list of potential complications 
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of retrobulbar injection. Only supportive care 
and observation were required in this case. 
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ment of Pediatrics (J.L.R.), Washington University 
School of Medicine. 


Inquiries to Lawrence Tychsen, M.D., Room 2589, St. 
Louis Children’s Hospital, Washington University Med- 
ical Center, 400 S. Kingshighway, St. Louis, MO 63110. 


Combined deficiency of vitamins A and E is 
known to cause nyctalopia and retinal degener- 
ation in humans.’ The pathologic effect of a 
deficiency in vitamin E alone, however, is un- 
clear. We treated a patient with avitaminosis E 
of 18 years’ duration. The patient developed 
progressive nyctalopia and pigmentary retinop- 
athy. Serum vitamin A levels for the last 15 of 
those 18 years were, with one exception, within 
the normal range. 

A 28-year-old man with an autosomal reces- 
sive form of intrahepatic cholestasis, character- 
ized by malabsorption of fat-soluble vitamins, 
had been followed up in the pediatric gastroen- 
terology unit for 18 years. In the 18th year of 
follow-up, the patient developed a neurologic 
syndrome consistent with vitamin E deficiency 
after being lost to follow-up for eight years.” He 
was referred for ophthalmic consultation be- 
cause of a recent decrease in vision. Best-cor- 
rected visual acuity was R.E.: 20/30 and L.E.: 
20/40. Goldmann visual fields were constricted 
and depressed. Color vision testing disclosed a 
generalized dyschromatopsia. The dark adapta- 
tion threshold was increased by 2.5 log units in 
each eye. An electroretinogram showed severe- 
ly attenuated signals on photopic and scotopic 
testing in each eye, with maximal voltage of 35 
uV (normal, greater than 350 pV). Ophthal- 
moscopy disclosed widespread retinal pigment 
epithelium dropout and pigment clumping (Fig. 
1). There was diffuse loss of nerve fiber layer 
accompanied by mild disk pallor. 

The patient had bilateral blepharoptosis, fa- 
cial diplegia, coarse head titubation, and a right 





Fig. 1 (Berger, Tychsen, and Rosenblum). Widespread depigmentation, pigment clumping (left), narrowing of 
retinal arterioles, and scalloped faci of pigment dropout within the vascular arcades and loss of the foveal reflex 
(right). 
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Fig. 2 (Berger, Tychsen, and Rosenblum). Serum 
vitamin E and A levels during an 18-year period. The 
shaded area represents the normal range. 


head tilt. Ocular motility examination showed 
bilateral reverse internuclear ophthalmoplegia, 
bilateral abducent nerve palsies, and skew de- 
viation. These neurologic and ocular motor 
features have been described in previous re- 
ports of patients with avitaminosis E.2°> Addi- 
tionally, our patient had pupillary light-near 
dissociation. 

The patient’s serum vitamin E and A levels 
were measured for 18 years (Fig. 2). The patient 
was given d-alpha tocopheryl polyethylene gly- 
col-1,000-succinate, an experimental, water- 
miscible, oral form of vitamin E. Despite nor- 
mal vitamin E levels for one year, there was no 
improvement in the ophthalmoscopic appear- 
ance, visual acuity, dark adaptation threshold, 
or electroretinogram. 

The findings in our patient demonstrate that 
chronic vitamin E deficiency, during a period of 
18 years, can cause progressive pigmentary 
retinopathy in the absence of chronic vitamin A 
deficiency. Cogan and associates’ documented 
photoreceptor degeneration by postmortem oc- 
ular histopathologic examination in a patient 
who had combined vitamin A and E deficiency. 
Alvarez and associates‘ reported pigmentary 
retinopathy in a cohort of patients with low 
vitamin E levels. They documented a single 
serum vitamin A level and for this reason could 





* 


not exclude concomitant vitamin A deficiency 
as a contributing factor. 

Vitamin A is necessary for production of 
rhodopsin. Vitamin E is known to be concen- 
trated in photoreceptor outer segments and is 
thought to protect photoreceptor membranes 
from oxidative damage. Vitamin E deprivation 
in animals causes marked disruption of outer 
segments and an increase in lipofuscin granules 
in the retinal pigment epithelium.’ These 
changes are attributed to peroxidation of pho- 
toreceptor lipoproteins composed of unsaturat- 
ed fatty acids. The findings in our patient imply 
that deficiency of vitamin E is the major factor 
responsible for the ophthalmoscopic and elec- 
trophysiologic abnormalities previously report- 
ed in humans who have combined deficiency of 
vitamins A and E. 
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Keratoconus and Congenital Hip 
Dysplasia 

Paolo Nucci, M.D., 

and Rosario Brancato, M.D. 

Clinica Oculistica dell Universitá di Milano, Istituto 
Scientifico H. S. Raffaele. 


Ingutries to Paolo Nucci, M.D., Clinica Oculistica 
dell'Universitá di Milano, Ospedale S. Raffaele, via 
Olgettina 60, 20132 Milano, Italy. 

Congenital hip dysplasia denotes a delayed 
or defective development of the hip joint and its 
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associated structure. If untreated, the condition 
heals, persists as a subluxation, or progresses to 
a frank dislocation. Genetic, ethnic, and uterine 
factors play a role in its pathogenesis. Congeni- 
tal hip dysplasia occurs once in every 110 
births, with a female sex precilection of ap- 
proximately 5 to 1. A family history of the 
condition is noted in 12% to 33% of patients.’ 

Two sisters, aged 9 and 12 years, were exam- 
ined by one of us (P.N.) for blurred vision and 
photophobia. They were the only children of 
healthy, consanguineous parents whose moth- 
ers were sisters. 

Both girls were delivered vaginally at term 
and had Apgar scores of 9/9. Both girls had 
bilateral congenital hip dysplasia, related to an 
acetabular dysplasia, diagnosed by ultrasono- 
graphy at age 6 months in the older sister and at 
age 3 months in the younger sister. There was 
no family history of hip dysplasia. 

The younger sister had best-corrected visual 
acuity of 20/20 in each eye with refraction of 
R.E.: +1.00 +1.25 x 30 and L.E: —1.00 -1.25 
x 15. The older sister had best-corrected visual 
acuity of R.E: 20/40 and L.E- 20/30 with 
refraction of R.E.: —2.00 -3.25 x 40 and L.E.: 
—1.75 —2.75 x 35. Keratometric readings dis- 
closed distorted mires in each girl. Biomicro- 
scopic examination disclosed a cone-shaped 
ectasia of the cornea in each girl. Vogt’s striae 
were noted in the deep stroma and Descemet’s 
membrane of the older girl. The endothelial cell 
count was within normal limits (2,890 + 121 
cells/mm? in the younger sister and 2,914 + 
321 cells/mm?’ in the older sister). The appear- 
ance of the corneas was consistent with bilater- 
al keratoconus. No evidence of other corneal 
dystrophies was noted. The ophthalmic history 
was unremarkable for atopic diseases, ocular 
trauma, eye rubbing, or hard contact lens use. 

Keratoconus usually becomes manifest dur- 
ing adolescence. Most cases of keratoconus are 
sporadic, but it is sometimes familial. Kennedy, 
Bourne, and Dyer’ described keratoconus oc- 
curring in less than 6% of the blood relatives of 
an affected proband. Greenfield and associates’ 
reported a familial occurrence of keratoconus 
and osteogenesis imperfecta and hypothesized 
an autosomal recessive pattern of inheritance. 
Several systemic tissue disorders are reported 
in association with keratoconus, including Mar- 
fan's syndrome and Ehlers-Danlos syndrome.’ 
Reports of consanguinity have been cited as 
evidence of a recessive mode of inheritance. 
Wynne-Davies’ suggested a multiple gene he- 
redity defect in congenital hip dysplasia with 
acetabular dysplasia, especially when environ- 
mental factors had not played a role. 


The incidence of keratoconus ranges from 50 
to 200 per 100,000 live births, whereas congen- 
ital hip dysplasia occurs once in 110 live births. 
Therefore, congenital hip dysplasia and kerato- 
conus is an association of two independent 
events whose incidence ranges from 4 to 18 per 
1,000,000 live births. Mathematically, the prob- 
ability that this association occurs twice by 
chance is extremely low. The early develop- 
ment of keratoconus and the consanguinity of 
the parents support the hypothesis that this is 
most likely an autosomal recessive association. 
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Flexible Iris Retractor 


Eugene de Juan, Jr., M.D., 

and Dyson Hickingbotham 

Department of Ophthalmology, Duke University Eye 
Center. Duke University will receive royalties based 


on the sale of the iris retractors; however, the authors 
will receive no direct compensation. 


Inquiries to Eugene de Juan, Jr, M.D., Duke University 
Eye Center, Box 3802, Durham, NC 27710. 
Inadequate pupillary dilation can occur dur- 
ing ocular surgery or as a result of scarring near 
the pupillary margin from many causes. A vari- 
ety of methods have been developed to correct 
this problem, including iris sphincterotomy, 
several suture techniques,’* metal iris retrac- 
tors placed either through the pars plana or the 
corneoscleral limbus,’’ and pharmacologic 
methods. None of these methods, however, are 
sufficiently delicate for use in the phakic eye 
when the lens is to be retained. The inflexible 
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Fig. 1 (de Juan and Hickingbotham). Scanning 
electron micrograph of flexible iris retractor showing 
Silastic sleeve and hook. 


metal iris retractor can damage the anterior lens 
capsule, particularly when manipulation of the 
globe causes the end of the retractor to push 
against the delicate intraocular tissues. To over- 
come these limitations, we developed and test- 
ed a new iris retractor with a flexible nylon 
hook and a Silastic sleeve. The retractor is 6.0 
mm in length and has a 1.0-mm hook at the 
end. The small Silastic disk holds the retractor 
in place (Fig. 1). 

Since both the tip and the shaft of the retrac- 
tor are flexible, damage to ocular structures is 
minimal, particularly to the anterior capsule in 
phakic eyes. Placement of the retractor is facili- 
tated by a specially developed 0.5-mm spatula- 
shaped knife, which makes a self-sealing limbal 
incision. The flexible iris retractors are compati- 
ble with sutured-on contact lens rings used 
during vitreous surgery and can be cut to any 
length to avoid interference with anterior seg- 
ment manipulations (Fig. 2). 

The flexible iris retractor is placed and held 
by a small needle holder for secure manipula- 
tion. The iris retractor is grasped near the 
hooked end to facilitate insertion through the 
corneal incision. Once the retractor has been 
inserted into the anterior chamber, the needle 
holder is then turned so that the retractor can 
hook the edge of the iris and pull it toward the 
entry site. The Silastic collar can then be adjust- 
ed to the appropriate length and tension. 

Removal of the retractor is accomplished by 
reversing the steps. When the hooked portion 
of the retractor comes close to the self-sealing 
corneal incision, it will bend and slip out. It 
does not require specific orientation as metal 
hooks do. 

We have had few problems related to the use 
of the flexible iris retractors. They are strong 
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Silastic sleeves 


Fig. 2 (de Juan and Hickingbotham). Pupillary 
dilation facilitated by flexible iris retractor. 


enough to break even firmly adherent syne- 
chiae yet flexible enough to prevent damage to 
the anterior capsule in phakic eyes. The ante- 
rior chamber did flatten in one eye at the end of 
a fluid-gas exchange because of leakage of aq- 
ueous fluid around the retractor. The chamber 
was reformed by injecting balanced salt solu- 
tion, and the lens capsule was not damaged. 
This leakage can be minimized by using the 
knife and by using low infusion pressures dur- 
ing the fluid-gas exchange. 
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Cosmetic Blepharoplasty. By Stephen L. 
Bosniak. New York, Raven Press, 1990. 114 
pages, index, illustrated. $95 


Reviewed by MICHAEL PATIPA 
Palm Beach, Florida 


Cosmetic eyelid surgery is a timely topic. 
There seems to be an increased level of interest 
in these procedures among ophthalmologists. 
Other specialists are beginning to do cosmetic 
eyelid surgery, and the patients themselves 
often bring up the subject. 

This text is offered as a “complete guide to 
cosmetic eyelid surgery,” but it is more of an 
introductory text than a complete guide. The 
introduction it provides is a gocd one. 

The first chapter is thorough in its coverage of 
the preoperative examination of the patient. It 
provides many basic warnings about potential 
problem cases and difficult clinical situations 
that the cosmetic surgeon may encounter. The 
tables and differential diagnoses are informa- 
tive. There is an interesting flowchart showing 
the steps the author goes through when per- 
forming eyebrow surgery and cosmetic blepha- 
roplasty. 

There are a few problems: the entire section 
on bipolar lipolytic diathermy appears to be in 
the wrong place in the book; references are not 
cited in the text; and reference is made to 
certain procedures (for example, lower eyelid 
retractor recession for ectropion repair) with- 
out telling the reader where to look for more 
information on the subject. 

The chapters on adjunctive techniques in 
cosmetic surgery, blepharoplasty in males, and 
upper eyelid blepharoplasty in the Asian pa- 
tient are informative. These three chapters 
would be valuable for any surgeon looking for 
another cosmetic surgeon’s perspective before 
undertaking one of these procedures. 

The chapter on diagnosis anc treatment of 
complications of cosmetic eyelid surgery briefly 
discusses most of the complications encoun- 
tered in clinical practice; however, it glaringly 
overlooks the treatment of orbital hemorrhage 
during or after cosmetic blepharoplasty. 

This is an excellent introductory text for any- 
one beginning to do cosmetic surgery. It allows 
the reader to share in Dr. Bosniak’s consider- 
able experience with oculoplastic surgery, but 
as a complete guide to cosmetic eyelid surgery, 
it falls short. 
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Ptosis, ed. 4. By Michael Callahan and Crowell 
Beard. Birmingham, Alabama, Aesculapius 
Publishing, 1990. 319 pages, index, illustrated. 
$125 


Reviewed by JONATHAN J. DUTTON 
Durham, North Carolina 


In 1969, Crowell Beard published the first 
edition of his now classic book on blepharopto- 
sis. Since that time and through two successive 
editions, this text has become a standard refer- 
ence both for beginning students and seasoned 
surgeons. Changes in concepts of classification 
and improved understanding of anatomic rela- 
tionships within the eyelids, however, have 
altered our approach to blepharoptosis surgery. 
The result was that the third edition of this 
book has been out of date for some years. This 
has now been corrected in the fourth edition by 
Michael Callahan. 

The most obvious change is a larger format 
that is easier to read. Between the covers, the 
text has been markedly reorganized. Many out- 
dated procedures have been omitted, and other 
rarely used operations have been grouped in 
one short chapter. This reorganization has 
eliminated the confusing array of procedures in 
the earlier editions, often presented without 
clear indications of when each was to be used. 
The major portion of the text covers only four 
standard operations, all of which have proven 
most predictable. These are the Fasanella- 
Servat procedure, levator aponeurosis advance- 
ment, levator muscle resection, and frontalis 
suspension. Unlike previous editions, postop- 
erative results and complications are listed in 
the same chapters as their respective surgical 
descriptions, thus avoiding constant page-flip- 
ping. The expanded text has been supplement- 
ed with excellent new color drawings. A chap- 
ter has been added on related operations 
covering deformities often associated with 
blepharoptosis, such as epicanthal folds, der- 
matochalasis, and eyebrow blepharoptosis. The 
chapter on eyelid anatomy has been rewritten, 
and a number of color drawings have been 
added to clarify the sometimes confusing ca- 
daver dissections that have been retained. Ex- 
cellent chapters on physiology and pathology 
round out the volume. 

It would be difficult to find much to criticize 
in this book. It is well organized, nicely illus- 
trated, and clearly written. Some problems per- 
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sist, however, such as the confusion between 
the levator horns and Whitnall’s ligament, 
which seems to have found its way into nearly 
every book on blepharoptosis. Perhaps the 
most disappointing chapter is the one on classi- 
fication. Dr. Callahan correctly points out the 
problems with older, nonetiologic classifica- 
tions and stresses the need for a mechanistic 
approach. Indeed, he recognizes four major 
categories of blepharoptosis: levator maldevel- 
opment (myogenic), aponeurotic, neurogenic, 
and mechanical/apparent. Yet he goes on to 
propose several seemingly nondescriptive and 
nonetiologic groups, such as “simple levator 
maldevelopment” for congenital developmen- 
tal dystrophic blepharoptosis. Under aponeu- 
rotic blepharoptosis are included such confus- 
ing categories as “senile ptosis,” “following 
cataract surgery,” “following local trauma,” 
and “‘blepharochalasis.’” Such groupings add 
little to our understanding of origin, since all of 
them relate to aponeurotic redundancy or de- 
hiscence. Rather than being types of blepharop- 
tosis, these, among many others not listed, are 
actually causes of aponeurotic blepharoptosis. 

Despite these few critical comments, Michael 
Callahan has achieved more in this new edition 
than just the resurrection of a classic book. In 
many ways it represents a new volume, one that 
will itself become a standard in the field of 
blepharoptosis surgery. Dr. Callahan's stated 
goal was to bring this book abreast of modern 
times and to make it useful to those who per- 
form these procedures. He has achieved these 
goals admirably. This book should certainly be 
on the shelf of any surgeon who examines and 
treats patients with blepharoptosis. 


Color Atlas of Ophthalmic Surgery. Strabismus. 
By Kenneth W. Wright. Philadelphia, J. B. 
Lippincott, 1990. 261 pages, index, illustrated. 
$125 


Reviewed by RONALD V. KEECH 
Iowa City, lowa 


This is the first volume in a series on ophthal- 
mic surgery, which illustrates surgical proce- 
dures with drawings and color photographs. 
The intent of the book is to provide a “practical 
text to teach strabismus surgical technique” to 
the novice and as well as expand the “surgical 
repertoire of the experienced surgeon.” 

Beginning surgeons will appreciate the chap- 
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ters on anatomy and basic surgical technique. 
They will also benefit from the concise summa- 
ry of surgical indications found in many of the 
chapters and the recommended surgical 
amounts for resections and recessions listed in 
the appendices. A note of caution to the novice: 
some procedures, such as the silicone expander 
operation used for weakening the superior 
oblique muscle, may be misinterpreted as a 
procedure preferred by most strabismus sur- 
geons, when in reality it is an intriguing but not 
well-established technique. 

Veteran strabismus surgeons may profit from 
the chapters on adjustable sutures, posterior 
fixation sutures, and chemodenervation (botu- 
lininum) surgery. The drawings and color pho- 
tographs clearly demonstrate the techniques, 
and the references, while not exhaustive, are 
current. 

The six contributors do a good job of describ- 
ing and illustrating strabismus surgical tech- 
niques. As a result, this book should be valu- 
able in training residents and fellows. 


The History of Ophthalmology, vol. 9. The First 
and Second Half of the Nineteenth Century. By 
Julius Hirschberg. Translated by Frederick C. 
Blodi. Germany, Verlag, 1990. 332 pages, in- 
dex, illustrated. $180 


Reviewed by FRANK W. NEWELL 
Chicago, Illinois 


After delay of a little more than two years, 
publication of Frederick Blodi’s translation into 
English of Julius Hirschberg’s “The History of 
Ophthalmology” has resumed with the appear- 
ance of volume 9, “The First and Second Half of 
the Nineteenth Century, United States of 
America, Switzerland, and Belgium.” 

The original of the section on the United 
States was published in Leipzig in 1915 as a 
continuation of the Graefe-Saemisch-Hess 
Handbuch der Gesamten Augenheilkunde un- 
der the editorial direction of Professors 
Saemisch and Elschnig. Blodi’s translation of 
“Ophthalmology in the United States” omits 
only the dedication of the original to the Oph- 
thalmological Society of Colorado, which was 
founded by Edward Jackson. Julius Hirschberg 
visited the United States three times and in this 
volume described an incident of his horse rear- 
ing while touring Yellowstone National Park 
with Hermann Knapp. 
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The History extends beyond the end of the 
19th century and describes events as late as 
1914. 

Hirschberg concluded the United States his- 
tory with the statement, “The size of the coun- 
try and the number of inhabitants, the re- 
sources and the industrial richness, the 
intelligence and ambition of the citizens and 
especially the liberal institutions of the United 
States government make advances in civiliza- 
tion, including our specialty, for this country 
not only justified, but necessary.” In some 
ways, we have fulfilled this hope, but more is 
still necessary. 

The sections on Switzerland and Belgium are 
limited; each fills about 50 pages (the number 
of pages in the volume is approximately equal 
to the original but the new volumes are far more 
attractive). 

The section on Switzerland is divided about 
equally between the University of Basel, and 
the cities of Zurich and Geneva. The study of 
ophthalmology in Belgium was initiated, as in 
England, by the ravages of military ophthalmia 
(trachoma) after Napoleon’s Egyptian cam- 
paign. Hirschberg documented the founding of 
the Annales d’Oculistique by Florent Cunier in 
1838. The journal’s name disappeared in 1978 
when it merged with the Archives d’Ophtal- 
mologie, founded in 1853, to form the Journal 
Francais Ophtalmologie. Hirschberg com- 
plained of the lack of representative German 
ophthalmologists on the Editorial Board. He 
described Evariste Warlomont, founder of the 
Annales d’Oculistique, who initiated the First 
International Congress of Ophthalmology in 
Brussels in 1857. 

It is exciting to have both this ninth volume 
appear and the promise of the remaining vol- 
umes in the near future. English-speaking oph- 
thalmologists are indebted to the scholarship of 
Professor Blodi. 


EndNote Plus. Berkeley, Niles & Associates, 
1990. Computer disk and 216-page manual, 
index. $249 


Reviewed by W. L. M. ALwarp 
Iowa City, lowa 


EndNote Plus is a computer software package 
that gives physicians and scientists a way to 
handle the vast quantity of information ob- 


tained from reading scientific literature. It is 
available in both IBM and Macintosh formats. I 
have worked only with the Macintosh version 
on a Mac SE-30 computer. 

EndNote Plus has two purposes and fulfills 
both beautifully. First, it is a data base manager 
designed specifically for storing and retrieving 
references. References are easily entered into a 
template that has fields for authors’ names, 
title, journal, and the like. There are also fields 
for abstracts and notes, each of which will hold 
up to 32,000 characters. Entry of data into 
EndNote Plus is easy and self-explanatory. 

The most useful feature of the EndNote Plus 
data base is its ability to search for information. 
When asked to find a word or word fragment, it 
will search all fields unless otherwise instruct- 
ed. It will find all references on the subject 
whether the word appears in the title, abstract, 
the notes, or any other location. You may limit 
the search to author, year, and the like, but the 
search is so fast that this is not usually neces- 
sary. A Boolean logic is used for complex 
searches. An unlimited number of search terms 
can be joined by “and,” “or,” and “not.” For 
example, a search through a 600-reference data 
base for articles on trabeculectomy “or” iridot- 
omy “and” apraclonidine “and” 1989 yielded 
one article and took about two seconds. The 
speed at which the program searches is as- 
tounding. The data base is designed to hold 
32,000 references. 

The second feature of EndNote Plus is its 
ability to create bibliographies. When working 
on a manuscript, EndNote can be kept open and 
running in the corner of the screen. On the 
Macintosh this can be done as a desk accessory 
or as a separate application. As information is 
typed into the word processor, one simply cop- 
ies and pastes the references from EndNote 
Plus into the word processing document. This 
places a bracketed reference statement with the 
author’s last name, the year, and a reference 
number at the location of the citation. Upon 
completion of a manuscript, a journal style is 
selected, and EndNote Plus is instructed to 
format the paper. Within moments a version of 
the paper appears with each reference typed 
out in the bibliography and cited in the text just 
the way the journal wants it. One does need to 
customize EndNote Plus for the major ophthal- 
mic journals, but this is not challenging. 

A separate add-on program, End Link, makes 
it possible to transfer data from on-line biblio- 
graphic data bases such as BRS into EndNote 
Plus. 
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I have been using this program for six 
months, and I am still delighted by what it can 
do for me and amazed at how quickly and 
effectively it can be done. 


men: 


Books Received 





The Best in Medical Humor. By Howard J. Ben- 
nett. Philadelphia, Hanley & Belfus, 1991. 228 
pages, index, illustrated. $25 


This book is lots of fun, and years from now it 
will still be fun. It is the kind of book that smiles 
at you from the shelf, reminding you of some 
favorite pieces. The only way you can be sure 
you will be able to find these gems in the future 
is to buy your own copy of the book. Friends 
will often borrow it to copy a page here and 
there, so write your name firmly on the endpa- 
per to guide it back to you. 

To compile this anthology, Dr. Bennett has 
sifted through a lot of funny stuff and chosen 
the pieces he liked best. The ones he did not 
have room for, he has enticingly described at 
the end of each chapter. I’m tempted to look up 
“Freud's Own Cookbook,” for example, just to 
see what is in “Slips of the Tongue in Madeira 
Sauce,” or ‘’Fettucine Libido.” 

Funny writing cannot get away with being 
just occasionally witty, it has to be consistently 
on the mark. One clinker can shatter the illu- 
sion and ruin the effect of the whole piece. So 
you know that these contributions have been 
lovingly buffed and burnished by some talented 
people. As Ben Milder says on page 92, “envy 
has me in its grip... .”’ 

There is not much mean spiritedness in this 
book; most of the pieces seem to have been 
inspired by some sense of exasperation, per- 
haps because the author recognized the situa- 
tion, saw how badly it had been handled, and 
knew from personal experience how to avoid 
the problem. Rather than pontificating, railing, 
or wheedling to teach the lesson, the author 
chose to use irony, satire, and good clean fun. 
The result is that a larger and happier reader- 
ship will take home the nourishing advice and 
kindly wisdom that is buried in these pages. 





Eye Care in Developing Nations, ed. 2. By Larry 
Schwab. New York, Oxford University Press, 


1990. Softcover, 204 pages, index, illustrated. 
$15.95 


A new edition of a popular, practical guide to 
ophthalmic care under difficult conditions, 
with illustrations showing how to break a razor 
blade into six surgical knives and how to use 
the handle of a kitchen spoon to protect the 
globe during eyelid surgery. 
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The Eye in Systemic Disease, ed. 2. By Jack J. 
Kanski and Dafydd J. Thomas. Stoneham, MA, 
Butterworths, 1990. 161 pages, index, illustrat- 
ed. $80 


The Kanski-Butterworth combination usually 
means excellent photographs, clear color dia- 
grams by Tarrant, and a skillful use of white 
space on the page that encourages the browsing 
eye. This volume does not disappoint. 
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Graves’ Ophthaimopathy. Edited by Jack R. Wall 
and Jacques How. St. Louis, Mosby- Year Book, 
1990. 196 pages, index, illustrated. $49.95 


This small volume offers 15 chapters written 
by an international array of experts on the 
pathogenesis, diagnosis, and management of 
Graves’ ophthalmopathy. Physicians who treat 
these patients will want to know what is new in 
orbital irradiation, surgical decompression, 
and plasmapheresis and all the latest thoughts 
on orbital connective tissue antibodies. 
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How to Write and Publish Papers in the Medical 
Sciences, ed. 2. Edited by Edward J. Huth. 
Baltimore, Williams & Wilkins, 1990. 252 pages, 
index. $29.95 


This book, written by the well-known editor 
of the Annals of Internal Medicine, is a must for 
every aspiring academic. There is good advice 
on every page: how to ask yourself some tough 
questions about your project, such as “So 
what?” and “Who cares?”; how to search the 
literature; how to write for permission to use a 
figure; and how to revise your prose for fluency, 
clarity, accuracy, economy, and grace. 
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Les Strabismes. Tome Premier. Les Divergenc- 
es Oculaires. By R. Pigassou-Albouy. Paris, 
Masson, 1990. 218 pages, index, illustrated. 
(No price given) 


This work is the first volume of a trilogy 
devoted to binocularity and its disturbances; 
the second volume will be about convergence 
problems and the third will discuss strabismic 
amblyopia. An unusual amount of thought ap- 
pears to have gone into the structure of this 
book. Each chapter ends with comments on 
how the ideas just discussed impinge upon the 
daily practice of pediatric ophthalmology. 





Ophthalmology Oral History Series. A Link With 
Our Past. An Interview With David Glen- 
denning Cogan, M.D. By Sally Smith Hughes. 
San Francisco, The Foundation of the American 
Academy of Ophthalmology, 1990. Softcover, 
256 pages, index, illustrated. $55 


These oral histories make fascinating read- 
ing, partly because the subjects have had long 
and active lives that touched on the lives of 
many others and partly because the personali- 
ties come through in the recorded conversation. 
Sally Hughes, the interviewer, is alert, cheer- 
ful, and well informed, and in this volume we 
get glimpses of Dr. Cogan’s wide-ranging 
knowledge, his modest view of his tremendous 
accomplishments, and the irrepressibility of his 
impish wit. 





Optics, Physiology and Vision. Edited by 
Suzanne P. McKee and Ken Nakayama. Elms- 
ford, NY, Pergamon Press, 1990. 1921 pages, 
index, illustrated. $45 


This is a reprint, in hardcover, of the Novem- 
ber 1990 issue of Vision Research, a special 
400-page issue that was prepared as a 
festschrift for Gerald Westheimer on his 65th 
birthday. 


Phacoemulsification Surgery. Edited by Terence 
M. Devine and William Banko. Elmsford, NY, 
Pergamon Press, 1990. 130 pages, index, illus- 
trated. $125 


This is a practical guide to phacoemulsifica- 
tion surgery with contributions by 11 well- 
known anterior segment surgeons. It has good, 
clean illustrations and is pleasantly laid out. 





The Book List 





Color Atlas of Lens Implantation. Edited by Piers 
Percival. St. Louis, Mosby-Year Book, 1991. 
317 pages, index, illustrated. $140 


Immediate Eye Care. By Nicola K. Ragge and 
David L. Easty. St. Louis, Mosby-Year Book, 
1990. 228 pages, index, illustrated. $89 


The Neurology of Eye Movements. By R. John 
Leigh and David S. Zee. Philadelphia, F. A. 
Davis, 1991. 561 pages, index, illustrated. $80 


USP DI, ed. 11, vol. 1. Drug Information for the 
Health Care Professional. Rockville, Maryland, 
United States Pharmacopeial Convention, 
1991. 3,304 pages, index, illustrated. $110 


USP DI, ed. 11, vol. 2. Advice for the Patient. 
Rockville, Maryland, United States Pharmaco- 
peial Convention, 1991. 1,624 pages, index, 
illustrated. $42 


USP DI, ed. 11, vol. 3. Approved Drug Products 
and Legal Requirements. Rockville, Maryland, 
United States Pharmacopeiai Convention, 
1991. 1,016 pages, index, illustrated. $75 


Walsh and Hoyt’s Clinical Neuro-Ophthalmol- 
ogy, ed. 4, vol. 4. By Neil R. Miller. York, 
Pennsylvania, Williams & Wilkins, 1991. 2,820 
pages, index, illustrated. $150 
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ABSTRACT DEPARTMENT 


Edited by Michael A. Kass, M.D. 


Clinical and magnetic resonance imaging in 
optic neuritis. Jacobs, L.*, Munschauer, F. E., 
and Kaba, S. E.: Neurology 41:15, 1991. 


OPTIC NEURITIS, MAGNETIC RESONANCE IMAGING 
SCANS, SILENT BRAIN LESIONS, MULTIPLE 
SCLEROSIS 


A cohort of 48 patients with isolated mono- 
symptomatic optic neuritis underwent magnet- 
ic resonance imaging of the brain. The magnetic 
resonance imaging scans disclosed that 23 of 
the 48 patients (48%) had clinically silent brain 
lesions consistent with multiple sclerosis. Dur- 
ing four years of follow-up, nine patients devel- 
oped clinical multiple sclerosis. Six of these 
nine patients had abnormal magnetic reso- 
nance images; the other three patients had 
normal magnetic resonance images both initial- 
ly when they had optic neuritis only and later 
after they had developed multiple sclerosis. 
The other 17 patients with abnormal magnetic 
resonance images did not develop the signs or 
symptoms of multiple sclerosis during the fol- 
low-up period. Thus, an abnormal magnetic 
resonance image in an individual who has optic 
neuritis does not indicate that multiple sclero- 
sis will definitely develop within a four-year 
follow-up period. Conversely, normal magnetic 
resonance imaging in such patients does not 
mean that they will not develop disseminated 
disease. It is not appropriate to make a diagno- 
sis of multiple sclerosis in a patient who has 
monosymptomatic optic neuritis and an abnor- 
mal magnetic resonance image without other 
laboratory-confirmed abnormalities.—Michael 
A. Kass 


“Department of Neurology, Buffalo General Hospi- 
tal, 100 High St., Buffalo, NY 14203. 


Central nervous system involvement in Von 
Hippel-Lindau disease. Filling-Katz, M. R.*, 
Choyke, P. L., Oldfield, E.. Charnas, L., Pa- 
tronas, N. J., Glenn, G. M., Gorin, M. B., Mor- 
gan, J. K., Linehan, W. M., Seizinger, B. R., 
and Zbar, B.: Neurology 41:41, 1991. 


VON HIPPEL-LINDAU DISEASE, CENTRAL 
NERVOUS SYSTEM TUMORS 
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Von Hippel-Lindau disease is a dominantly 
inherited disorder characterized by hemangio- 
blastomas of the central nervous system, retinal 
angiomas, and multiple cysts and tumors of the 
viscera. Fifty individuals with Von Hippel- 
Lindau disease were studied with gadolinium- 
enhanced magnetic resonance imaging to deter- 
mine the frequency and distribution of central 
nervous system lesions. Of the 50 patients, 36 
(72%) had one or more central nervous system 
tumors. The most frequently affected sites in 
the central nervous system, excluding the reti- 
na, were the cerebellum, spinal cord, and brain 
stem. Lesions were particularly common in the 
craniocervical junction and the conus medul- 
laris. Many of the patients had more than one 
lesion, and 41% of the patients with central 
nervous system tumors were neurologically 
asymptomatic. Nine of the patients in this se- 
ries were noted to have nystagmus, and one 
patient had papilledema related to hydrocepha- 
lus. The authors recommend that all patients 
age 10 years or older at risk for Von Hippel- 
Lindau disease should be examined with 
gadolinium-enhanced magnetic resonance im- 
aging.—~Michael A. Kass 


*Room 3C102, Bldg. 10, NIAAA, 9000 Rockville 
Pike, Bethesda, MD 20892. 


Second eye involvement in age-related mac- 
ular degeneration. A four-year prospective 
study. Roy, M.*, and Kaiser-Kupfer, M.: Eye 
4:813, 1990. 


MACULAR DEGENERATION, FELLOW EYES 


Clinical studies have shown that age-related 
macular degeneration often involves both eyes 
of affected individuals. A prospective study was 
done of 41 patients who had either exudative or 
advanced atrophic age-related macular degen- 
eration in one eye with visual acuity of 20/80 
or worse. The fellow eyes had best-corrected 
visual acuity of 20/30 or better and either 
macular drusen (with or without localized 
hypo- or hyperpigmentation) or atrophy of the 
retinal pigment epithelium but no evidence of 
subretinal neovascularization or previous laser 
treatment. The cumulative risk of developing 
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either exudative age-related macular degenera- 
tion or atrophic age-related macular degenera- 
tion and visual acuity of 20/80 or worse in the 
fellow eye was 23% at four years. The authors 
estimated that 90% of their patients wore yel- 
low lenses to protect their eyes. The involve- 
ment of the second eyes in this report is lower 
than in many previous reports. It is not clear 
whether this lower incidence can be attributed 
to protection from yellow lenses or to sampling 
variation.— Michael A. Kass 


*University of Medicine and Dentistry, New Jersey 
Medical School, Department of Ophthalmology, 15 
S. Ninth St., Newark, NJ 07107. 


Carotid endarterectomy for chronic retinal 
ischemia. Rubin, J.R.*, Mcintyre, K.M., 
Lukens, M. C., Plecha, E. J., and Bernhard, 
V. M.: Surg. Gynecol. Obstet. 171:497, 1990. 


OCULAR ISCHEMIA, CAROTID ENDARTERECTOMY 


Carotid arterial disease may produce a varie- 
ty of ischemic ocular problems that can eventu- 
ally lead to permanent blindness. From 1984 to 
1988, 18 patients underwent carotid artery re- 
construction in an attempt to reverse or prevent 
progression of ischemic oculopathy. During a 
mean follow-up period of 21 months after ca- 
rotid arterial reconstruction, subjective im- 
provement in vision as well as a resolution in 
ocular and periorbital pain was reported in 16 
of the patients (89%). Additionally, visual acu- 
ity improved or stabilized in 17 (94.4%), macu- 
lar photostress recovery times improved in 16, 
and ophthalmoscopic examinations demon- 
strated improvement or resolutien of ischemic 
signs in 17 of the patients. One patient had 
recurrent episodes of amaurosis fugax, which 
resolved after two weeks and did not recur. 
Another patient developed neovascular glauco- 
ma with visual deterioration. The authors con- 
cluded that carotid arterial reconstruction is an 
effective treatment for ischemic oculopathy and 
is most beneficial if performed early, before the 
onset of irreversible neovascular glaucoma.— 
Michael A. Kass 


“Department of Surgery, Case Western Reserve Uni- 
versity, 2074 Abington Rd., Clevelamd, OH 44106, 


How satisfying is the practice of internal 
medicine? A national survey. Lewis, C. E.*, 
Prout, D. M., Chalmers, E. P., and Leake, B.: 
Ann. Intern. Med. 114:1, 1991. 


PHYSICIAN SATISFACTION, ADMINISTRATIVE 
BURDENS, LITIGATION, INCOME, AUTONOMY 


Several signs indicate that medicine in gener- 
al, and internal medicine in particular, is losing 
its attractiveness as a career. Members of the 
American College of Physicians were surveyed 
about their level of satisfaction and sources of 
dissatisfaction with medical practice. The au- 
thors collected responses from 1,446 physicians 
(64% of those surveyed), and 1,290 of these 
responses were usable. More than 80% of the 
respondents were satisfied with their profes- 
sional challenges, opportunities to interact 
with colleagues, and relationships with pa- 
tients. Only about half, however, were satisfied 
with their potential income, and most internists 
were dissatisfied with the loss of control over 
clinical decision making. Major sources of con- 
cern were administrative burdens, the threat of 
malpractice litigation, loss of income, and loss 
of clinical autonomy. Forty percent of the in- 
ternists stated that they now discourage stu- 
dents from careers in internal medicine. Only 
39% of the internists stated that they would 
once again pursue a career in internal medi- 
cine. Many respondents stated that they were 
concerned about access to medical care. In this 
regard, 18% of the internists had many patients 
without health care insurance, 69% had some 
patients without coverage, and 61% had some 
patients who had lost their insurance because 
of changing jobs or location. The physicians 
believed that universal access to health care 
was the cornerstone to health care reform.— 
Michael A. Kass 


*Division of General Internal Medicine, B-558 Factor 


Bldg., Department of Medicine, UCLA Schoo! of 


Medicine, Los Angeles, CA 90024-1685. 


Medical malpractice—the Canadian experi- 
ence. Coyte, P. C.*, Dewees, D. N., and Trebil- 
cock, M. J.: N. Engl. J. Med. 324:89, 1991. 


MALPRACTICE LITIGATION, CANADIAN AND 
AMERICAN EXPERIENCES 
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Canadian physicians are one fifth as likely to 
be sued for malpractice as their American coun- 
terparts. This difference is attributable to a 
number of legal and institutional factors in 
Canada, including universal health insurance, 
more generous programs of social welfare, lim- 
ited use of contingency fees, the practice of 
having the losing party bear the cost of litiga- 
tion, limited awards for pain and suffering, 
infrequent use of juries, the effective work of 
the Canadian Medical Protective Association, 
and a less litigious culture. 

Despite these considerable differences, the 
number of claims per physician is growing at a 
similar rate in the United States and Canada. It 
follows that the increase in malpractice liability 
in the United States cannot solely be the result 
of unique aspects of the United States legal 
system. The authors hypothesize that advances 
in medical technology have increased the vul- 
nerability of physicians to lawsuits, even 
though the advances have improved patient 
care. People seem to have become less willing 
to bear risks, and this changed social attitude, 
combined with a less personal patient-physi- 
cian relationship, has led to an increased num- 
ber of claims in both countries. 

Although litigation is less common in Cana- 
da, Canadian physicians seem to respond simi- 
larly to the situation and have been noted to 
withdraw services, undertake more discussions 
with their patients, keep more records, and 
undertake programs of institutional risk man- 
agement.— Michael A. Kass 


“Department of Health Administration, 2nd Fl., 
McMurrich Bldg., Faculty of Medicine, University of 
Toronto, Toronto, Ontario M55 1A8, Canada. 


Incidence of adverse events and negligence 
in hospitalized patients. Results of the Har- 
vard Medical Practice Study |. Brennan, 
T. A.*, Leape, L. L., Laird, N. M., Hebert, L., 
Localio, A. R., Lawthers, A. G., Newhouse, 
J. P., Weiler, P. C., and Hiatt, H. H.: N. Engl. J. 
Med. 324:370, 1991. 


ADVERSE EVENTS, MEDICAL NEGLIGENCE, 
SUBSTANDARD CARE 


As part of an interdisciplinary study of medi- 
cal injury and malpractice litigation, the au- 


thors reviewed 30,121 randomly selected re- 
cords from 51 randomly selected acute care, 
nonpsychiatric hospitals in New York State. 
They then developed population estimates of 
injuries and computed rates according to the 
age and sex of the patients as well as the 
specialties of the physicians. Adverse events 
occurred in 3.7% of the patients (95% confi- 
dence interval, 3.2% to 4.2%). In turn, 27.6% of 
the adverse events were caused by negligence 
(95% confidence interval, 22.5% to 32.6%), 
Although 70.5% of the adverse events resulted 
in disability lasting less than six months, 2.6% 
caused permanently disabling injuries, and 
13.6% led to death. Using weighted totals, the 
authors estimated that among the 2,671,863 
patients discharged from New York hospitals in 
1984 there were 98,609 adverse events and 
27,179 adverse events involving negligence. 
Adverse events were more common in older 
patients, and the percentage of adverse events 
caused by negligence also increased with pa- 
tient age. There were significant differences in 
rates of adverse events among categories of 
clinical specialties but no differences in the 
percentage caused by negligence.—Michael A. 
Kass 


“Division of General Medicine, Brigham and Wom- 
en's Hospital, 75 Francis St, Boston, MA 02115. 


The nature of adverse events in hospitalized 
patients. Results of the Harvard Medical 
Practice Study li. Leape, L.L.*, Brennan, 
T. A., Laird, N., Lawthers, A. G., Localio, A. R., 
Barnes, B. A., Hebert, L., Newhouse, J. P., 
Weiler, P. C., and Hiatt, H.: N. Engl. J. Med. 
324:377, 1991. 


ADVERSE EVENTS, MEDICAL NEGLIGENCE, 
SUBSTANDARD CARE 


A cohort of 30,195 randomly selected hospi- 
tal records were examined, and 1,133 patients 
(3.7%) were identified with disabling injuries 
caused by medical treatment. Two physician- 
reviewers independently identified the adverse 
events and evaluated them with respect to neg- 
ligence, errors in management, and extent of 
disability. Drug complications were the most 
common type of adverse event (19%), followed 
by wound infections (14%), and technical com- 
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plications (13%). Nearly half of the adverse 
events (48%) were associated with an opera- 
tion. Adverse events during surgery were less 
likely to be caused by negligence (17%) than 
were nonsurgical ones (37%). The proportion 
of adverse events caused by negligence was 
highest for diagnostic mishaps (75%), noninva- 
sive therapeutic mishaps (77%), and events 
occurring in the emergency room (70%), Errors 
in management were identified for 58% of the 
adverse events, among which nearly half were 
attributed to negligence. The authors propose 
that a high proportion of adverse events are 
caused by management errors and thus are 
potentially preventable.—Michael A. Kass 


*Harvard School of Public Health, 677 Huntington 
Ave., Boston, MA 02115. 


Comparison of uninsured and privately in- 
sured hospital patients. Condition on admis- 
sion, resource use, and outcome. Hadley, J.*, 
Steinberg, E. P., and Feder, J.: JAMA 265:374, 
1991. 


HEALTH INSURANCE, MORTALITY, HEALTH CARE 
COSTS 


To investigate the association between insur- 
ance status and condition on admission, re- 
source use, and in-hospital mortality, we ana- 
lyzed discharge abstracts for 592,598 patients 
hospitalized in 1987 in a national sample of 
hospitals. In 13 of 16 age-sex-race~specific co- 
horts, the uninsured had a 44% to 124% higher 
risk of in-hospital mortality at the time of 
admission than did the privately insured. After 
controlling for this difference, the actual in- 
hospital death rate was 1.2 to 3.2 times higher 
among uninsured patients in 11 of 16 cohorts. 
The uninsured also were 29% to 75% less likely 
to undergo each of five high-cost cr high-dis- 
cretion procedures and 50% less likely to have 
normal results on tissue pathology reports for 
biopsies performed during five of seven differ- 
ent endoscopic procedures. Our results suggest 
that insurance status is associated with a broad 
spectrum of aspects of hospital care.—-Authors’ 
abstract 


*Center for Health Policy Studies, 2233 Wisconsin 
Ave. N.W., Ste. 525, Washington, DC 20007. 


The orphan drug act. The first 7 years. Asbury, 
C. H.*: JAMA 265:893, 1991. 


ORPHAN DRUGS, LEGISLATION 


The 1983 Orphan Drug Act sought to increase 
market incentives and decrease regulatory bar- 
riers for products used to treat rare ("orphan") 
diseases. Major provisions included market ex- 
clusivity, tax credits, and regulatory process 
clarifications. This analysis compares pre- and 
post-Act industry and government data to ex- 
amine changes associated with the law. While 
industry sponsored 34 marketéd and 24 experi- 
mental orphan drugs in the 17 years prior to the 
Act, it has sponsored 39 of 42 marketed orphan 
products in the 7 years since the Act. An addi- 
tional 301 experimental products have orphan 
designation. While 25 of 40 marketed orphan 
products reportedly had annual sales of less 
than $1 million, product sales for three condi- 
tions are more than $100 million annually. This 
prompted changes in the law, passed by Con- 
gress in 1990, but vetoed. Overall, the law has 
been associated with an increase in orphan 
product development. The law’s costs and ben- 
efits to companies, patients, and the public 
should be examined if future changes are pro- 
posed.—Author’s abstract 


*Robert Wood Johnson Foundation, P.O. Box 2316, 
Princeton, NJ 08543-2316. 


Hispanic health in the United States. Council 
on Scientific Affairs*: JAMA 265:248, 1991. 


HISPANIC POPULATION, HEALTH STATUS 


Hispanics are the fastest growing minority in 
the United States. Typically, they are divided 
into five subgroups: Mexican American, Puerto 
Rican, Cuban American, Central or South 
American, and “other” Hispanics. Risk factors 
for morbidity and mortality vary among these 
subgroups. Use of health care services is affect- 
ed by perceived health care needs, insurance 
status, income, culture, and language. Com- 
pared with whites, Hispanics are more likely to 
live in poverty, be unemployed or underem- 
ployed, and have little education and no private 
insurance. Hispanics are at an increased risk for 
certain medical conditions, including diabetes, 
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hypertension, tuberculosis, human immunode- 
ficiency virus infection, alcoholism, cirrhosis, 
specific cancers, and violent deaths. Propor- 
tionate to their representation in the popula- 
tion, there are few Hispanic health providers, 
emphasizing the need for all medical personnel 
to be knowledgeable about Hispanic health 
care needs.— Authors’ abstract 


*Council on Scientific Affairs, American Medica] 
Association, 515 N. State St., Chicago, IL 60610. 


Maternal outcome after open fetal surgery. A 
review of the first 17 human cases. Longaker, 
M. T., Golbus, M. S., Filly, R. A., Rosen, M. A., 
Chang, S. W., and Harrison, M. R.*: JAMA 
265:737, 1991. 


OPEN FETAL SURGERY, HYDRONEPHROSIS, 
CONGENITAL DIAPHRAGMATIC HERNIA 


A few fetal diseases may benefit from surgical 
treatment before birth, but hysterotomy and 
subsequent delivery by cesarean section pose a 
risk to the otherwise unaffected mother. To 
assess maternal risk of mortality, morbidity, 
and reproductive potential after fetal surgery, 
we reviewed our experience with 17 highly 
selected women who underwent fetal surgery. 
Fifteen of these procedures were performed for 
one of two congenital anomalies: severe bilater- 
al hydronephrosis and congenital diaphragmat- 
ic hernia. There were no deaths or serious 
maternal injuries. In the 14 women who contin- 
ued pregnancy after hysterotomy, uterine irri- 
tability and preterm labor were frequent com- 
plications, requiring early confinement in most 
cases. There has been no detectable effect on 
future fertility, as indicated by eight subse- 
quent normal pregnancies. We conclude that 
hysterotomy for fetal surgery can be accom- 
plished without unduly endangering the moth- 
er's life or her future reproductive potential. 
However, morbidity related to premature labor 
remains a serious problem, and our ability to 
control uterine contractions after hysterotomy 
remains the limiting factor in human fetal sur- 
gery.— Authors’ abstract 


*Department of Surgery, University of California 
(San Francisco), Third and Parnassus Aves., Rm. 
585-HSE, San Francisco, CA 94143-0570. 


Head shaking by visually impaired children. A 
voluntary neurovisual adaptation which can 
be confused with spasmus nutans. Jan, 
J. E.*, Groenveld, M., and Connolly, M. B.: 
Dev. Med. Child Neuro!. 32:1061, 1990. 


HEAD SHAKING, NYSTAGMUS, IMPROVED VISUAL 
ACUITY 


It is well known that visually impaired indi- 
viduals with nystagmus may exhibit rapid hori- 
zontal and pendular head shaking during peri- 
ods of intense visual fixation. The authors 
systematically studied 260 children who had 
nystagmus and visual impairment caused by 
congenital ocular abnormalities and 13 chil- 
dren with motor nystagmus. Eighteen children 
(6.6%) were noted to have head shaking. In 
every case the head shaking followed the ap- 
pearance of nystagmus by months or even years 
during early childhood. Head shaking occurred 
in bursts lasting from five to 30 seconds and 
only occurred during intense visual fixation. 
The head shaking did not spread to involve any 
other part of the body. Head shaking appeared 
to be a subconscious act, but once attention was 
called to this behavior, it could be started and 
stopped at will. The rate of head oscillations 
seemed to be equal to the rate of nystagmus. 
Thus, head shaking appeared to be a voluntary, 
learned neurovisual adaptation to improve vis- 
ual acuity. The authors propose that the head 
oscillations compensate for the nystagmus and 
help to maintain the visual image on the 
fovea.— Michael A. Kass 


“Division of Pediatric Neurology, University of Brit- 
ish Columbia, 4480 Oak St., Vancouver, British Co- 
lumbia, V6H 3V4. 


Spontaneous inflammatory disease in trans- 
genic rats expressing HLA-B27 and human 
B.m. An animal model of HLA-B27-associated 
human disorders. Hammer, R.E.*, Maika, 
S. D., Richardson, J. A., Tang, J.-P., and 
Taurog, J. D.: Cell 63:1099, 1990. 


HLA-B27, RHEUMATIC DISEASES, ANIMAL MODEL 


HLA-B27, a serologically defined allele of the 
human HLA-B locus, is of interest because it is 
associated with a group of relatively common 
inflammatory disorders, including ankylosing 
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spondylitis, reactive arthritis, juvenile spondy- 
loarthropathy, psoriatic arthropathy, and en- 
teropathic arthropathy. These disorders are of- 
ten classified as rheumatic diseases because of 
prominent musculoskeletal manifestations, but 
they also involve multiple organ systems, in- 
cluding the gastrointestinal tract, genitourinary 
tract, skin, eyes, and heart. 

To investigate the role of HLA-B27 in these 
disorders, the human HLA-B27 and B,-micro- 
globulin genes were introduced into rats, a 
species known to be susceptible to experimen- 
tally induced inflammatory diseases. Rats from 
one transgenic line spontaneously developed 
inflammatory disease involving the gastrointes- 
tinal tract, peripheral and vertebra! joints, male 
genital tract, skin, nails, heart, and eyes. This 
pattern of organ system involvement showed a 
striking resemblance to the HLA-B27-associ- 
ated human disorders. These results suggest 
that HLA-B27 plays a central role in the patho- 
genesis of the inflammatory rheumatic diseas- 
es. The availability of this animal model should 
further research in these disorders.— Michael 
A. Kass 


*Howard Hughes Medical Institute, University of 
Texas Southwestern Medical Center. Dallas, TX 
75235. 


Effect of a resutured iridotomy on glare dis- 
ability in glaucoma patients having cataract 
surgery. Cahane, M.*, Glovinsky, Y., and Blu- 
menthal, M.: J. Cataract Refract. Surg. 17:58, 
1991. 


CATARACT SURGERY, SECTOR IRIDOTOMY, 
POSTOPERATIVE GLARE 


The authors studied 22 patients with glauco- 
ma who had fixed miotic pupils before cataract 
surgery. The patients were divided, retrospec- 
tively, into a group in which the sector (radial) 
iridotomy was sutured after intraocular lens 
insertion and a second group in which the 
sector iridotomy was not sutured. The two 
groups were matched for age, sex, average du- 
ration of glaucoma, type of glaucoma, operative 
technique, mean follow-up period, intraocular 
pressure, and cup/disk ratio. Glare disability 
was measured with the Miller-Nadler tech- 
nique. A similar reduction in visual acuity un- 


der glare was found in the two groups: 0.55 + 
1.2 and 0.45 + 0.9 Snellen lines, respectively. 
The glare-induced reduction in visual acuity 
correlated with the opacification of the posteri- 
or capsule but not with the functional pupillary 
area. The authors concluded that suturing sec- 
tor iridotomies does not reduce postoperative 
glare.—Michael A. Kass 


“Maurice and Gabriela Goldschleger Eye Institute, 
Chaim Sheba Medical Center, Tel Hashomer 52621, 
Israel. 


Long-term efficacy of primary laser trabecu- 
loplasty. Elsas, T.*, and Johnsen, H.: Br. J. 
Ophthalmol. 75:34, 1991. 


LASER TRABECULOPLASTY, PRIMARY TREATMENT 
FOR GLAUCOMA 


Sixty patients each received laser trabeculo- 
plasty to one eye as the initial treatment for 
glaucoma. Of these individuals, 42 had capsu- 
lar glaucoma and 18 had primary open-angle 
glaucoma. Each patient received 100 burns 
scattered over the entire circumference of the 
trabecular meshwork in one or two sessions, 
The mean prelaser intraocular pressure was 
35.2 + 6.5 mm Hg. Successful treatment was 
defined as intraocular pressure of less than 22 
mm Hg without medication. The probability of 
success was 0.73 at one year, 0.68 at two years, 
0.57 at three years, and 0.50 at four years. There 
was a high failure rate during the first month 
after treatment, presumably because eyes did 
not respond to laser treatment. If treatment was 
successful at one month, the probability of 
success at four years was 0.63. Three eyes 
developed progressive visual field loss or pro- 
gressive cupping despite a mean intraocular 
pressure of less than 22 mm Hg without medi- 
cation. High prelaser intraocular pressure and 
severe visual field defects were significant pre- 
dictors of treatment failure. The authors sug- 
gest that laser trabeculoplasty should be con- 
sidered as an alternative to medication for the 
initial treatment of glaucoma. They believe 
treatment is easy to perform, the rate of compli- 
cations is low, and successful treatment re- 
moves the need for compliance with medica- 
tion. They warn that this approach may not be 
appropriate in eyes with high prelaser intraocu- 
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lar pressures or severe visual field loss.— 
Michael A. Kass 


“Department of Ophthalmology, University of 
Trondheim, N-7006, Trondheim, Norway. 


Acetazolamide-associated aplastic anemia. 
Keisu, M.*, Wiholm, B.-E., Ost, A., and Morti- 
mer, O.: J. Intern. Med. 228:627, 1990. 


ACETAZOLAMIDE, ADVERSE DRUG REACTIONS, 
APLASTIC ANEMIA 


Eleven cases of acetazolamide-associated 
aplastic anemia were reported in Sweden dur- 
ing a 17-year period. There were six women and 
five men with a median age of 71 years (range 
63-85 years). The median dose of acetazol- 
amide was 500 mg, and the median duration of 
treatment was 3 months (range 2-71 months). 
Ten of the eleven patients died, all within 8 
weeks after detection of their aplastic anemia. 
The relative risk of developing aplastic anemia 
when taking acetazolamide was 13.3 (95% con- 
fidence limits (CL); 6.8-25.3). The estimated 
incidence of reported acetazolamide-associated 
aplastic anemia is approximately one in 18,000 
patient years. The results strongly indicate that 
acetazolamide treatment is associated with a 
substantial increase in the risk of developing 
aplastic anemia.—-Authors’ abstract 


“Department of Clinical Pharmacology, Huddinge 
University Hospital, 14186 Huddinge, Sweden. 


Zidovudine-induced macular edema. Lalonde, 
R. G.*, Deschênes, J. G., and Seamone, C.: 
Ann. intern. Med. 114:297, 1991. 


ZIDOVUDINE, MACULAR EDEMA 


Zidovudine has become the standard therapy 
for patients with altered immunity caused by 
human immunodeficiency virus. More recently, 
zidovudine was shown to be effective in treat- 
ing asymptomatic HIV-infected patients with 
low helper T-cell levels. The authors examined 
a 42-year-old man who had low-grade anterior 
uveitis. The patient had previously been treated 
for secondary syphilis. Subsequently the pa- 
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tient developed two episodes of macular edema 
that were documented by fluorescein angiogra- 
phy. On both occasions cystoid macular edema 
began within a few days of starting zidovudine 
therapy. Zidovudine was discontinued, and vis- 
ual acuity improved to pretreatment levels over 
a few weeks. It is not possible to be sure that 
zidovudine caused macular edema in this pa- 
tient with multiple health problems. Macular 
edema, however, occurred after institution of 
the therapy and cleared after the cessation of 
the therapy on two occasions. Ophthalmolo- 
gists should be aware of this potential drug- 
induced complication.—Michael A. Kass 


“Infectious Diseases Clinic, Royal Victoria Hospital, 
687 Pine Ave., Montreal, Quebec H3A 1A1. 


Fifteen-year argon laser and xenon photoco- 
agulation results of Bascom Paimer Eye Insti- 
tute’s patients participating in the Diabetic 
Retinopathy Study. Blankenship, G. W.*: Oph- 
thalmology 98:125, 1991. 


DIABETIC RETINOPATHY, PHOTOCOAGULATION 


Fifteen years after panretinal photocoagula- 
tion in the Diabetic Retinopathy Study, 86 
(57%) patients had died, 14 (9%) could not be 
located, and 51 (34%) of 151 patients were 
examined to determine the long-term treatment 
effects. Of the eyes randomized to photocoagu- 
lation only 1 (5%) of 19 argon-treated and 1 
(3%) of 32 xenon-treated eyes had received 
additional laser treatment, but 8 argon-treated 
and 7 xenon-treated eyes had had cataract re- 
moval. Eleven (58%) of the initially argon- 
treated and 13 (41%) of the initially xenon- 
treated eyes had 20/40 or better acuity, and 18 
(95%) of the initially argon-treated and 26 
(82%) of the initially xenon-treated eyes had 
20/200 or better acuity. Of the control eyes 17 
(33%) had 20/40 or better, and 30 (58%) had 
20/200 or better acuity. Argon and xenon pan- 
retinal photocoagulation for diabetic retinopa- 
thy provide good results for at least 15 years.— 
Author’s abstract 


*College of Medicine, University Hospital, Milton 5. 
Hershey Medical Center, P.O. Box 850, Hershey, PA 
17033. 
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Ophthaimic complications of amniocentesis. 
Naylor, G., Roper, J. P., and Wilishaw, H. E.*: 
Eye 4:845, 1990. 


AMNIOCENTESIS, OCULAR INJURY 


Amniocentesis is generally considered safe, 
although there are scattered reports of fetal 
damage caused by this procedure. There are 
relatively few reports of ocular injury. The 
authors examined three patients subjected to 
amniocentesis who had signs of anterior seg- 
ment penetrating trauma soon after birth. One 
patient had a limbal scar, one had an adherent 
leukoma, and one had a full-thickness corneal 


scar with a peaked pupil. Additionally, a fourth 
patient was noted to have a chorioretinal scar 
with an overlying vitreous condensation in the 
temporal periphery. A fifth patient had a ho- 
monymous hemianopsia and a gaze palsy 
thought to be caused by central nervous system 
injury. The authors suggest that ocular damage 
during amniocentesis may be more common 
than reports suggest and should be considered 
in cases of congenital ocular abnormalities. — 
Michael A. Kass 


*Eye Department, Birmingham Childrens Hospital, 
Ladywood Middleway, Birmingham B16 8ET. 
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Send News items to 
American Journal of Ophthalmology 
435 N. Michigan Ave., Suite 1415 
Chicago, iL 60611 
The Journal invites readers to submit announcements 
concerning meetings, postgraduate courses, lectures, 
honors, and appointments. Each item must be typed 
double-spaced on bond paper with 11-inch margins. 
Only one news item should be submitted on each page. 
Announcements concerning meetings and courses must 
contain the title, location, dates, sponsors, and address 
required for additional information. Each item must not 
exceed 75 words in length and be prepared in narrative, 
not outline, form. Announcements of meetings and cours- 
es must be received at least four months before the event. 


University of Aberdeen Medical School, 
Scotland: Second International Symposium 
on Recent Developments in the 
immunopathology of intraocular 
inflammation 


The University of Aberdeen Medical School, 
scotland, will hold the Second International 
Symposium on Recent Developments in the 
Immunopathology of Intraocular Inflammation 
in Aberdeen, United Kingdom, Oct. 22-25, 
1991. For more information, write Prof. John V. 
Forrester, M.D., University of Aberdeen Medi- 
cal School, Department of Ophthalmology, 
Foresterhill, Aberdeen AB9 2DY, Scotland; fax 
(0224) 685158. 


Alcon Surgical: San Diego Fluorescein and 
Laser Workshop for General 
Ophthalmologists 


Alcon Surgical, Inc., will sponsor the San 
Diego Fluorescein and Laser Workshop for 
General Ophthalmologists, July 12 and 13, 
1991, at the Hotel del Coronado, San Diego. For 
further information, write Tara Wilson, 12630 
Monte Vista Rd., Ste. 104, Poway, CA 92064; 
telephone (619) 451-1911. 


American Coilege of Veterinary 
Ophthalmologists: Annual Meeting 


The American College of Veterinary Ophthal- 
mologists will meet Sept. 26-29, 1991, in Bos- 
ton, Massachusetts. For further information, 
write Dr. Randall H. Scagliott, Sacramento Ani- 
mal Medical Group, 4990 Manzanita Ave., Car- 
michael, CA 95608. 
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Bethesda Eye Institute/St. Louis University: 
Small Incision Cataract Surgery 


The Bethesda Eye Institute /St. Louis Univer- 
sity and Storz Ophthalmics will sponsor a sym- 
posium, “Small Incision Cataract Surgery,” in 
Teaneck, New Jersey, July 11, 1991, For more 
information, write Laura Clatch, Storz Oph- 
thalmics, 3365 Tree Court Industrial Blvd., St. 
Louis, MO 63122; telephone (800) 325-9929, 
ext. 5633. 


University of California and the Proctor 
Foundation: Uveitis/Retinal Frontiers 


The University of California in San Francisco 
and the Proctor Foundation will sponsor Uve- 
itis /Retinal Frontiers: Diagnostic, Medical, and 
Surgical Approaches, Sept. 13-15, 1991, at Car- 
mel Valley Ranch Resort in Carmel, California. 
For more information, write the University of 
California, Extended Programs in Medical Edu- 
cation, Room LS-105, San Francisco, CA 94143- 
0742; telephone (415) 476-4251; fax (415) 476- 
0318. 


Indianapolis Ophthalmological Society 


The Indianapolis Ophthalmological Society 
has scheduled three fall meetings to be held 
Sept. 17, Oct. 15, and Nov. 19, 1991, at the 
Westin Hotel in Indianapolis. For more infor- 
mation, write Louis Cantor, M.D., Department 
of Ophthalmology, Indiana University School 
of Medicine, 702 Rotary Circle, Indianapolis, 
IN 46202. 


University Eye Clinic of Jena, Germany: 
Endogenous Ocular Inflammations—Uveitis 
91 


The University Eye Clinic of Jena, Germany, 
will hold an international symposium on “‘En- 
dogenous Ocular Inflammations—Uveitis 91,” 
Oct. 2-6, 1991, in Weimar/Thuringia, spon- 
sored by the Thuringian Ophthalmological So- 
ciety. For further information, write Prof. S. 
Klein, Department of Ophthalmology, Bachstr. 
18, D-06900 Jena, Germany. 


Alcon Research Institute: Awards 
The Alcon Research Institute, an entity dedi- 


cated to vision research, is funded by Alcon 


Laboratories, Inc. It is directed by a fully inde- 
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pendent advisory committee comprised of the 
following: Steven M. Podos, M.D. (Chairman), 
Mount Sinai School of Medicine, New York, 
New York; Anders Bill, M.D., Uppsala Univer- 
sitets Biomedicum, Uppsala, Sweden; Hans 
Bloemendal, Ph.D., Universiteit Van Nijmegen, 
The Netherlands; Henry F. Edelhauser, Ph.D., 
Emory University School of Medicine, Atlanta, 
Georgia; Morton F. Goldberg, M.D., Wilmer 
Institute, Johns Hopkins University School of 
Medicine, Baltimore, Maryland; Yoshiaki 
Kitazawa, M.D., Gifu University School of 
Medicine, Gifu, Japan; Howard M. Leibowitz, 
M.D., Boston University Medical Center, Bos- 
ton, Massachusetts; Elke Lutjen-Drecoll, M.D., 
University Erlangen-Nuernberg, Erlangen, 
Germany; Neville N. Osborne, Ph.D., Universi- 
ty of Oxford, Oxford, England; and Abraham 
Spector, Ph.D., Columbia University, New 
York, New York. 

Each year the committee nominates individu- 
als, who have made important contributions to 
vision research, to receive a financial award 
with the expectation that the awardees will 
apply it to further their research. 

An award of $60,000 was given to each of the 
following scientists in 1991: Jules Baum, M.D., 
Tufts-New England Medical Center, Boston, 
Massachusetts; Denis A. Baylor, M.D., Stanford 
Medical School, Stanford, California; 5. S. 
Bhattacharya, M.Sc., Ph.D., Department of Hu- 
man Genetics, Newcastle-Upon-Tyne, En- 
gland; Alan Wright, Ph.D., Western General 
Hospital, Edinburgh, Scotland (Shastid 
Award); James P. Dillon, Ph.D., College of 
Physicians and Surgeons, Columbia University, 
New York, New York; Josef Flammer, M.D., 
Universitaets-Augenklinik, Basel, Switzerland; 
David L. Guyton, M.D., Wilmer Institute, Johns 


Hopkins University School of Medicine, Balti- 
more, Maryland; John R. Hassell, Ph.D., Eye 
and Ear Institute, University of Pittsburgh, 
Pittsburgh, Pennsylvania; Richard N. Lolley, 
Ph.D., V.A. Medical Center, Sepulveda, Cali- 
fornia; Joram P. Piatigorsky, Ph.D., National 
Eye Institute, Bethesda, Maryland; Robert R. 
Rando, Ph.D., Harvard Medical School, Boston, 
Massachusetts; Gunter K. von Noorden, M.D., 
Baylor College of Medicine, Houston, Texas; 
and Per Wistrand, M.D., Uppsala University, 
Uppsala, Sweden. 


Personals 


Frederick C. Biodi 


Frederick C. Blodi, professor of ophthalmolo- 
gy at the University of lowa Medical School, 
gave the First Charles Snyder Lecture at the 
National Institutes of Health, March 15, 1991, 
to honor the former librarian of the Massachu- 
setts Eye & Ear Infirmary. Professor Blodi dis- 
cussed famous personages with ocular prob- 
lems. 


irene H. Maumenee 


Irene H. Maumenee, professor of ophthal- 
mology and pediatrics at the Wilmer Institute, 
will be honored as the first Lewis Ort Professor 
of Ophthalmology. She founded the Johns 
Hopkins Center for Hereditary Eye Diseases at 
Wilmer 19 years ago. 


Akira Nakajima 


Akira Nakajima will deliver the Third Jules 
Francois Lecture, Conquest of Blindness, Past, 
Present, and Future, June 22, 1991, at St. Vin- 
cent’s Hospital in New York City. 


Correction 


In the article, “Corneal ulcer and adverse reaction rates in premarket contact lens 
studies” (Am. J. Ophthalmol. 111:457, April 1991), by S. M. MacRae, C. Herman, R. D. 
Stulting, R. Lippman, D. Whipple, E. Cohen, D. Egan, C. P. Wilkinson, C. Scott, R. Smith, 
and D. Phillips, the equation on page 459 was printed incorrectly. The corrected equation 


is reprinted below. 


Patient- Duration 
years of = (patients 
exposure completed) 


Duration 


+ (patients enrolled- 


patients completed) 
2 


Arm ERICAL JOURTAL 


OF 


OPHTHALMOLOGY’ 


Volume 111 
JANUARY-JUNE, 1991 





FRANK W. NEWELL, Publisher and Editor-in-Chief 
435 N. Michigan Ave., Suite 1415, Chicago, Illinois 60611 


JULES BAUM, Boston 

WILLIAM M. BOURNE, Rochester 
RONALD M. BURDE, New York 

FRED EDERER, Bethesda 

FREDERICK T. FRAUNFELDER, Portland 
STEVEN G. KRAMER, San Francisco 
IRVING H. LEOPOLD, Irvine 

ROBERT MACHEMER, Durham 
NANCY M. NEWMAN, San Francisco 
DON H. NICHOLSON, Miami 
EDWARD W. D. NORTON, Miami 
DEBORAH PAVAN-LANGSTON, Boston 


MATHEA R. ALLANSMITH, Boston 
CROWELL BEARD, San Jose 
BERNARD BECKER, St. Louis 
BENJAMIN F. BOYD, Panama 
RONALD E. CARR, New York 
CLAES H. DOHLMAN, Boston 
DUPONT GUERRY III, Richmond 
EUGENE HELVESTON, Indianapolis 


EDITORIAL BOARD 


CONSULTING BOARD 


ALLEN M. PUTTERMAN, Chicago 
DENNIS ROBERTSON, Rochester 
MERLYN M. RODRIGUES, Baltimore 
STEPHEN J. RYAN, Los Angeles 

JERRY A. SHIELDS, Philadelphia 

M. BRUCE SHIELDS, Durham 
RONALD E. SMITH, Los Angeles 
BRUCE E. SPIVEY, San Francisce 
BRADLEY R. STRAATSMA, Los Angeles 
E. MICHAEL VAN BUSKIRK, Portland 
GUNTER K. VON NOORDEN, Houston 


ROBERT W. HOLLENHORST, Rochester 
HERBERT E. KAUFMAN, New Orleans 
ARTHUR H. KEENEY, Louisville 
KENNETH R. KENYON, Boston 

CARL KUPFER, Bethesda 

ALBERT M. POTTS, Tucson 

MARVIN L. SEARS, New Haven 
GEORGE O, WARING, Atlanta 


H. STANLEY THOMPSON, Book Review Editor 
THOMAS M. AABERG, Senior Associate Editor 
MICHAEL A. KASS, Abstract Editor 
MARY L. BORYSEWICZ, Executive Managing Editor 


PUBLISHED MONTHLY BY THE OPHTHALMIC PUBLISHING COMPANY 
435 N. Michigan Ave., Suite 1415, Chicago, Ilinois 60611 














SUBJECT INDEX 


Note: Abstract Index follows Author Index 


A 
Acanthamoeba sp. 
Successful medical management of Acanthamoeba 
keratitis (correspondence), 256 


Acetazolamide 
Acetazolamide in the treatment of abnormal oculo- 
vestibular response, 215 


Acetylcholine 
The effect of preoperative flurbiprofen on miosis 
produced by acetylcholine during cataract sur- 
gery, 735 


Acquired immunodeficiency syndrome 
Macular edema in acquired immunodeficiency syn- 
drome-related microvasculopathy, 770 


Rapidly progressive outer retinal necrosis in the 
acquired immunodeficiency syndrome (corre- 
spondence), 255 


Albinism 
Variable expression of albinism within a single kin- 
dred, 419 


Amblyopia 
Flotation devices to facilitate amblyopia therapy 
(letter), 110 


The gradient filter test to assess amblyopia (corre- 
spondence), 119 


Aminoglycoside 
Conjunctival necrosis after administration of topi- 
cal fortified aminoglycosides, 690 


Amiodarone 
Identification of amiodarone in corneal deposits 
(letter), 518 


Anesthesia 
Contralateral cavernous sinus syndrome after retro- 
bulbar anesthetic injection (letter), 773 


Anisocoria 
Anisocoria in the pigmentary dispersion syndrome 
(correspondence), 384 


Antibiotic drugs 
An in vitro study of the potency and stability of 
fortified ophthalmic antibiotic preparations, 
686 


Aphakia 
Epikeratoplasty with nonlyophilized tissue in chil- 
dren with aphakia, 407 


Apraclonidine 
Control of intraocular pressure with apraclonidine 
hydrochloride after cataract extraction, 184 


Follicular conjunctivitis associated with apracloni- 
dine (letter), 105 


Palpebral fissure responses to topical adrenergic 
drugs, 706 


Arrhythmia 


The oculocardiac reflex during enucleation (letter), 


378 


Artery occlusion 
Transesophageal echocardiography for detecting 
mitral valve prolapse with retinal artery occlu- 
sions (letter), 103 


Use of transesophageal echocardiography for de- — : 


tection of a likely source of embolization to the 
central retinal artery (letter), 104 


Vertebral artery occlusion complicating perimetry 
(letter), 516 


Asteroid hyalosis 
Prevalence and association of asteroid hyalosis with 
systemic diseases, 289 


Astigmatism 
Large refractive change after strabismus surgery 
(letter), 371 


Automated perimetry 
Automated perimetry in glaucoma, 235 


B 


Betaxolol 
The effect of topical antiglaucoma drugs on the 
results of high-pass resolution perimetry, 711 
Blepharitis 
Role of cell-mediated immunity to staphylococci in 
blepharitis, 473 


Blepharoptosis 
Blepharoptosis caused by systemic thymoxamine 
(letter), 524 


Epiphora caused by blepharoptosis (letter), 649 


Blood-cell velocity 
Blood-cell velocity in the nailfold capillaries of pa- 
tients with normal-tension and high-tension 
glaucoma, 585 


Books and Computer Software 
Advances in Cataract Surgery, by Cangelosi, G. C. 
(ed.), 389 


Age-Related Cataract, by Young, R. W., 527 
Angle-Closure Glaucoma, by Hyams, 5., 385 
Atlas of Ophthalmic Surgery, by Jaffe, N. S., 385 
The Best in Medical Humor, by Bennett, H. J., 781 


Cataract Surgery. Alternative Small-Incision Tech- o 
niques, by Rozakis, G. W. (ed.), 260 


iii 





iv AMERICAN JOURNAL OF OPHTHALMOLOGY 


Clinical Tests of Vision, by Frisén, L., 386 


Color Atlas of Ophthalmic Surgery. Strabismus, by 
Wright, K. W., 779 


Complications of Glaucoma Therapy, by Sherwood, 
M. B., and Spaeth, G. L., 389 


Cosmetic Blepharoplasty, by Bosniak, S. L., 778 


Current Concepts of Multifocal Intraocular Lenses, 
by Maxwell, A., and Nordan, L. T. (eds.), 389 


EndNote Plus, 780 


Eye Care in Developing Nations, ed. 2, by Schwab, 
L., 781 


Eye Diseases in Hot Climates, ed. 2, by Sandford- 
Smith, J., 259 


The Eye in Systemic Disease, ed. 2, by Kanski, J. J., 
and Thomas, D. J., 781 


Graves’ Ophthalmopathy, by Wall, J. R., and How, J. 
(eds.), 781 


Handbook of Ocular Drug Therapy and Ocular Side 
Effects of Systemic Drugs, by Pavan-Lang- 
ston, D., and Dunkel, E. C., 259 


The History of Ophthalmology, vol. 9. The First and 
Second Half of the Nineteenth Century, by 
Hirschberg, J., 779 


How to Write and Publish Papers in the Medical 
Sciences, ed. 2, by Huth, E. J. (ed.), 781 


Laser. Its Clinical Uses in Eye Diseases, ed. 2, by 
Constable, I. J., and Lim, A. S. M., 390 


Laser Surgery of the Posterior Segment, by Bloom, 
S. M., and Brucker, A. J., 388 


Lens Implant Power Calculation, ed. 3, by Retzlaff, 
J. A., Sanders, D. R., and Kraff, M., 388 


Les Strabismes. De l'analyse clinique å la synthése 
chirurgicale, ed. 2, by Spielmann, A., 390 


Les Strabismes. Tome Premier. Les Divergences 
Oculaires, by Pigassou-Albouy, R., 782 


Manual of Visual Fields, by Werner, E. B. (ed.), 527 


The Molecular Biology of the Retina, by Farber, D. 
B., and Chader, G. J. (eds.), 390 


Normal Pressure Glaucomas, by Bechetoille, A., 122 


Ophthalmic Echography. Ophthalmic Technical 
Skills Series, by Kendall, C. J., 390 


Ophthalmology Oral History Series. A Link With 
Our Past. An Interview With David Glenden- 
ning Cogan, M. D., by Hughes, S. S., 782 


Optics, Physiology and Vision, by McKee, S. P., and 
Nakayama, K. (eds.), 782 


Orthoptic Assessment and Management, by Stid- 
will, D., 660 


JUNE , 1991 


Phacoemulsification Surgery, by Devine, T. M.,and 
Banko, W. (eds.), 782 


Practical Management of Squint, by Pittar, G., 527 
Ptosis, ed. 4, by Callahan, M., and Beard, C., 778 
Radiology of the Eye and Orbit. Modern Neuroradi- 


ology, vol. 4, by Newton, T. H., and Bilaniuk, 
L. T. (eds.), 258 


Retinal and Choroidal Manifestations of Systemic 
Disease, by Singerman, L. J, and Jampol, L. 
M., 390 

Retinal Nerve Fiber Layer Photography, by Roloff, 
L. W., 387 

Small-incision Cataract Surgery, by Gills, J. P., and 
Sanders, D. R. (eds.}, 390 

Style. Toward Clarity and Grace, by Williams, J. M., 
389 

Textbook of Advanced Phacoemulsification Tech- 
niques, by Koch, P. S., and Davison, J. A. 
(eds.), 390 

Thyroid Eye Disease, ed. 2, by Char, D. H., 122 

Visual Allusions. Pictures of Perception, by Wade, 
N., 386 

Visual Fields. Examination and Interpretation, by 
Walsh, T. J. (ed.), 390 

Von Helmholtz-Augenspiegel zur Funduskamera, 
by Schett, A., 122 

Wally, The Scholarly Walrus, by Hill, L., 660 

Year Book of Ophthalmology 1990, by Laibson, P. R. 
(ed.), 123 

Borrelia sp. 
Retinal vasculitis with proliferative retinopathy in 
a patient with evidence of Borrelia burgdorferi 
infection (letter), 243 


C 
Canaliculitis 
Retained Veirs rod and canaliculitis (letter), 251 
Candida sp. 


Candida albicans corneal ulcer associated with crack 
cocaine (letter), 248 


Endogenous Candida species endophthalmitis asso- 
ciated with increased levels of D-arabinitol in 
serum and vitreous (letter), 379 


Capsulorhexis 
The elastic properties of the lens capsule in capsu- 
lorhexis, 628 


Experimental nucleus extraction through a capsu- 
lorhexis in an eye with pseudoexfoliation syn- 
drome (letter), 645 


Carcinoma 
Meibomian gland carcinoma in a 20-year-old pa- 
tient (letter), 114 
Metastatic renal cell carcinoma of the iris manifest- 
ing as an intrastromal iris cyst (letter), 113 
Carney complex 


The Carney complex with ocular signs suggestive 
of cardiac myxoma, 699 











Vol. 111, No. 6 


Cataract 
Comparison of a 3- and 6-mm incision in combined 
phacoemulsification and trabeculectomy, 189 


Contralateral cavernous sinus syndrome after retro- 
bulbar anesthetic injection (letter), 773 


Control of intraocular pressure with apraclonidine 
hydrochloride after cataract extraction, 184 


Delayed-onset pseudophakic endophthalmitis, 163 


Delayed-onset pseudophakic endophthalmitis (cor- 
respondence), 656 


The effect of preoperative flurbiprofen on miosis 
produced by acetylcholine during cataract sur- 
gery, 735 


The elastic properties of the lens capsule in capsu- 
lorhexis, 628 


Extracapsular cataract extraction with intraocular 
lens implantation after scleral buckling sur- 
gery, 174 


Nd:YAG laser treatment for recurrent hyphemas in 
pseudophakia (letter), 513 


A new method for documenting lens opacities, 65 


Nuclear sclerotic cataract after vitrectomy for idio- 
pathic epiretinal membranes causing macular 
pucker, 434 


Posterior chamber intraocular lens implantation in 
eyes with inactive and active proliferative dia- 
betic retinopathy, 158 


Quantitative analysis of lens changes after vitrec- 
tomy by fluorophotometry, 179 


Cefazolin 
An in vitro study of the potency and stability of 
fortified ophthalmic antibiotic preparations, 

686 


Central retinal vein 
The natural course of central retinal vein occlusion 
(correspondence), 525 


Children 
Aberrant extraocular fibrous band as a cause of stra- 
bismus (letter), 370 


Bilateral congenital oculomotor nerve palsy in a 
child with brain anomalies, 555 


Disk neovascularization in chronic anterior uveitis 
(letter), 241 


Epikeratoplasty with nonlyophilized tissue in chil- 
dren with aphakia, 407 


The gradient filter test to assess amblyopia (corre- 
spondence), 119 


Large refractive change after strabismus surgery 
(letter), 371 


Leptomeningeal dissemination of optic pathway 
gliomas in three children, 719 


A population-based study of ocular abnormalities 
in premature children aged 5 to 10 years, 539 


SUBJECT INDEX v 


The prevalence of retinal vascular abnormalities in 
children and adolescents with essential hyper- 
tension, 205 


Pseudophakic pupillary-block glaucoma in chil- 
dren, 715 


Scleritis and Wegener's granulomatosis in children, 
430 


Unilateral manifestation of the Vogt-Koyanagi- 
Harada syndrome in a 7-year-old child (letter), 
380 


Choroid 
Histopathologic evidence of fibrovascular in- 
growth four weeks after placement of the hy- 
droxyapatite orbital implant, 363 


In vivo phosphorus 31 magnetic resonance spec- 
troscopy of human uveal melanomas and other 
intraocular tumors, 276 


The management of retinal detachments associated 
with choroidal colobomas by vitreous surgery, 
271 


Microwave thermotherapy for choroidal hemangi- 
oma (letter), 240 


Pneumocystis carinii choroiditis after long-term aero- 
solized pentamidine therapy (correspon- 
dence), 118 


Vitrectomy retinotomy aspiration biopsy of choroi- 
dal tumors (correspondence), 121 


Choroiditis 
Pneumocystis carinii choroiditis after long-term aero- 
solized pentamidine therapy (correspon- 
dence), 118 


‘Ciliary body 


Chronic ciliary pain secondary to posterior cham- 
ber intraocular lens loop incarceration (letter), 
513 


Cirrhosis 
Hepatic cirrhosis as a doubtful cause of eyelid re- 
traction (letter), 109 


Clostridium sp. 
Clostridium perfringens endophthalmitis (letter), 654 


Cocaine 
Candida albicans corneal ulcer associated with crack 
cocaine (letter), 248 


Palpebral fissure responses to topical adrenergic 
drugs, 706 


Urine drug screening for cocaine after lacrimal sur- 
gery, 703 
Cochliomyia sp. 
Nosocomial conjunctival ophthalmomyiasis with 
Cochliomyia macellaria (letter), 520 


Coloboma 
The management of retinal detachments associated 
with choroidal colobomas by vitreous surgery, 

271 


Cone 
Relatively enhanced S cone function in the Gold- 
mann-Favre syndrome, 446 





Congenital disorders 
Bilateral congenital oculomotor nerve palsy in a 
child with brain anomalies, 555 


The Carney complex with ocular signs suggestive 
of cardiac myxoma, 699 


The clinical characteristics of pedigrees of Leber’s 
hereditary optic neuropathy with the 11778 
mutation, 750 


Early-onset autosomal dominant retinitis pigmen- 
tosa with severe hyperopia, 454 


Hereditary hemorrhagic macular dystrophy, 294 


Keratoconus and congenital hip dysplasia (letter), 
775 


A magnetic resonance imaging study of the up- 
shoot-downshoot phenomenon of Duane’s re- 
traction syndrome, 548 


Neuro-imaging and positron emission tomography 
of congenital homonymous hemianopsia, 413 


Ocular findings in patients with autosomal domi- 
nant retinitis pigmentosa and rhodopsin, pro- 
line-347-leucine, 614 


Ultrastructural study of Norrie’s disease, 439 


Variable expression of albinism within a single kin- 
dred, 419 


Conjunctiva 
Conjunctival necrosis after administration of topi- 
cal fortified aminoglycosides, 690 


Immunofluorescence findings in pseudopemphi- 
goid induced by short-term idoxuridine ad- 
ministration (letter), 375 


Isolated neurofibromas of the conjunctiva, 694 


Tear cytology in conjunctival melanoma (letter), 
648 


Conjunctivitis 
Follicular conjunctivitis associated with apracloni- 
dine (letter), 105 


Contact lens 
Corneal ulcer and adverse reaction rates in premar- 
ket contact lens studies, 457; correction, 792 


How safe are disposable soft contact lenses?, 766 


Contrast sensitivity 
Contrast sensitivity as an early indicator of acute 
mountain sickness (letter), 651 


Loss of contrast sensitivity in cystic fibrosis, 427 


Cornea 
Candida albicans corneal ulcer associated with crack 
cocaine (letter), 248 


Changes in corneal curvature at different excimer 
laser ablative depths (letter), 382 


A comparison of penetrating keratoplasty to epiker- 
atoplasty in the surgical management of kera- 
toconus, 145 


AMERICAN JOURNAL OF OPHTHALMOLOGY 


JUNE, 1991 


Corneal ulcer and adverse reaction rates in premar- 
ket contact lens studies, 457; correction, 792 


The effect of allograft rejection after penetrating 
keratoplasty on central endothelial cell densi- 
ty, 739 


The effects of Nd:YAG laser iridotomy on the cor- 
neal endothelium, 505 


Epidemiologic characteristics, predisposing factors, 
and etiologic diagnosis of corneal ulceration in 
Nepal, 92 


Herpes simplex dendritic keratitis after kerato- 
plasty, 480 


Human and monkey corneal endothelium expres- 
sion of low-density lipoprotein receptors, 84 


Identification of amiodarone in corneal deposits 
(letter), 518 


Incidence of prominent corneal nerves in multiple 
endocrine neoplasia type 2A, 307 


Infectious crystalline keratopathy after relaxing in- 
cisions (letter), 374 


Paraproteinemic corneal deposits in plasma cell 
myeloma, 312 


Peripheral ulcerative keratitis related to Lyme dis- 
ease (letter), 244 


Squamous cell carcinoma of the cornea, 571 


Successful treatment of recurrent corneal erosion 
with Nd:YAG anterior stromal puncture (cor- 
respondence), 252 


Terrien’s marginal degeneration associated with 
vernal conjunctivitis (letter), 517 


Corneoscleral limbus 
Squamous cell carcinoma:of the cornea, 571 


Corrections 
Corneal ulcer and adverse reaction rates in premar- 
ket contact lens studies, 457; correction, 792 


Treatment of traumatic optic neuropathy with cor- 
ticosteroids—-correction (correspondence), 526 


Corticosteroid 
A new technique for the administration of intraop- 
erative periocular corticosteroids (letter), 647 


Treatment of traumatic optic neuropathy with cor- 
ticosteroids—correction (correspondence), 526 


Cyanoacrylate 
Infectious keratitis and cyanoacrylate adhesive, 466 


Cyclophotocoagulation 
Malignant glaucoma after Nd:YAG cyclophotocoa- 
gulation (letter), 245 


Cyst 
Metastatic renal cell carcinoma of the iris manifest- 
ing as an intrastromal iris cyst (letter), 113 














Vol. 111, No. 6 


Cystic fibrosis 
Loss of contrast sensitivity in cystic fibrosis, 427 


D 


Dacryocystitis 
Acute dacryocystitis after punctal occlusion for ker- 
atoconjunctivitis sicca (letter), 769 


Dacryocystorhinostomy 
Urine drug screening for cocaine after lacrimal sur- 
gery, 703 
Diabetes 
Bilateral endogenous endophthalmitis in a patient 
with diabetes and renal papillary necrosis (let- 
ter), 653 


Prevalence and association of asteroid hyalosis with 
systemic diseases, 289 


Visual field defects in diabetic patients with prima- 
ry open-angle glaucoma, 581 
Diabetic retinopathy 
Posterior chamber intraocular lens implantation in 
eyes with inactive and active proliferative dia- 
betic retinopathy, 158 
Dipivefrin 
Reversible lower eyelid ectropion associated with 
dipivefrin (letter), 650 
Dry-eye syndrome 
Acute dacryocystitis after punctal occlusion for ker- 
atoconjunctivitis sicca (letter), 769 


The importance of the Schirmer test with nasal 
stimulation (letter), 106 


Keratoconjunctivitis sicca caused by diphenoxylate 
hydrochloride with atropine sulfate (Lomotil) 
(letter), 377 


Duane’s retraction syndrome 
A magnetic resonance imaging study of the up- 
shoot-downshoot phenomenon of Duane’s re- 

traction syndrome, 548 


Dysplasia 
Keratoconus and congenital hip dysplasia (letter), 
775 
E 
Echography 


Echographic diagnosis of dural carotid-cavernous 
sinus fistulas, 77 


Transesophageal echocardiography for detecting 
mitral valve prolapse with retinal artery occlu- 
sions (letter), 103 


Use of transesophageal echocardiography for de- 
tection of a likely source of embolization to the 
central retinal artery (letter), 104 


Ectropion 
Reversible lower eyelid ectropion associated with 
dipivefrin (letter), 650 


Edema 
Comparison of intraocular lens fixation techniques 
performed during penetrating keratoplasty, 
743 





SUBJECT INDEX vii 


Macular edema in acquired immunodeficiency syn- 
drome-related microvasculopathy, 770 


Editorials 
Hydroxyamphetamine. A good drug lost? (BURDE, 
R. M., and THOMPSON, H. S.), 100 


In defense of animal research (VON NOORDEN, G. 
K.), 367 


A plea for low tech (KRAMER, $. G.), 508 


Senile accommodative degeneration (SAD) (JAM- 
POLSKY, A.), 510 


Endoillumination 
Photic retinal injury from endoillumination during 
vitrectomy, 42 


Endophthalmitis 
Bilateral endogenous endophthalmitis in a patient 
with diabetes and renal papillary necrosis (let- 
ter), 653 


Clostridium perfringens endophthalmitis (letter), 654 
Delayed-onset pseudophakic endophthalmitis, 163 


Delayed-onset pseudophakic endophthalmitis (cor- 
respondence), 656 


Endogenous Candida species endophthalmitis asso- 
ciated with increased levels of D-arabinitol in 
serum and vitreous (letter), 379 


Endothelium 
The effect of allograft rejection after penetrating 
keratoplasty on central endothelial cell densi- 

ty, 739 


The effects of Nd:YAG laser iridotomy on the cor- 
neal endothelium, 505 


Human and monkey corneal endothelium expres- 
sion of low-density lipoprotein receptors, 84 


Enucleation 
Histopathologic evidence of fibrovascular in- 
growth four weeks after placement of the hy- 
droxyapatite orbital implant, 363 


The oculocardiac reflex during enucleation (letter), 
378 


Epikeratoplasty 
A comparison of penetrating keratoplasty to epiker- 
atoplasty in the surgical management of kera- 
toconus, 145 


Epikeratoplasty with nonlyophilized tissue in chil- 
dren with aphakia, 407 


Epinephrine 
The effect of topical antiglaucoma drugs on the 
results of high-pass resolution perimetry, 711 


Epiphora 
Epiphora caused by blepharoptosis (letter), 649 


Epiretinal membrane 
Nuclear sclerotic cataract after vitrectomy for idio- 
pathic epiretinal membranes causing macular 
pucker, 434 


viii AMERICAN JOURNAL OF OPHTHALMOLOGY 


Epitheliopathy 
Retinal pigment epitheliopathy in acute leukemia 
(letter), 111 


Epithelium 
Mucogenic secondary open-angle glaucoma in dif- 
fuse epithelial ingrowth treated by block-exci- 
sion, 230 


Evisceration 
A new instrument for use in evisceration (letter), 
115 


Eyelash 
An eyelash nidus for dacryoliths of the lacrimal 
excretory and secretory systems, 624 


Eyelid 
Blepharoptosis caused by systemic thymoxamine 
(letter), 524 


Discoid lupus erythematosus of the eyelid compli- 
cated by wound dehiscence (letter), 108 


Epiphora caused by blepharoptosis (letter), 649 
Eyelid tumors in the proteus syndrome (letter), 521 


Hepatic cirrhosis as a doubtful cause of eyelid re- 
traction (letter), 109 


Meibomian gland carcinoma in a 20-year-old pa- 
tient (letter), 114 


Palpebral fissure responses to topical adrenergic 
drugs, 706 


Reversible lower eyelid ectropion associated with 
dipivefrin (letter), 650 


Surgical management of oculomotor nerve palsy, 
71 


Surgical management of oculomotor nerve palsy 
(correspondence), 658 


F 


Familial exudative vitreoretinopathy 
Signs, complications, and platelet aggregation in 
familial exudative vitreoretinopathy, 34 
Fibrin 
Intracameral tissue plasminogen activator for reso- 
lution of fibrin clots after glaucoma filtering 
procedures (letter), 247 


Filtering surgery 
Intracameral tissue plasminogen activator for reso- 
lution of fibrin clots after glaucoma filtering 
procedures (letter), 247 


Fistula 
Echographic diagnosis of dural carotid-cavernous 
sinus fistulas, 77 


Transient cranial nerve palsies after cavernous si- 
nus fistula embolization (letter), 771 


Flavobacterium sp. 
Flavobacterium meningosepticum keratitis successfully 
treated with topical trimethoprim-sulfameth- 
oxazole (letter), 116 


JUNE, 1991 


Flurbiprofen sodium 
The effect of preoperative flurbiprofen on miosis 
produced by acetylcholine during cataract sur- 
gery, 735 


Fovea 
Surgical removal of subfoveal neovascularization 
in the presumed ocular histoplasmosis syn- 
drome, 1 


Frosted branch angiitis 
Unilateral frosted branch angiitis, 682 


Fuchs’ heterochromic iridocyclitis 
The epidemiologic association of Fuchs’ heteroch- 
romic iridocyclitis and ocular toxoplasmosis, 
356 


G 


Gammopathy 
Paraproteinemic corneal deposits in plasma cell 
myeloma, 312 


Genetics 
The clinical characteristics of pedigrees of Leber’s 
hereditary optic neuropathy with the 11778 
mutation, 750 


Glaucoma 
Automated perimetry in glaucoma, 235 


Blood-cell velocity in the nailfold capillaries of pa- 
tients with normal-tension and high-tension 
glaucoma, 585 


Comparison of a 3- and 6-mm incision in combined 
phacoemulsification and trabeculectomy, 189 


A comparison of total and partial tenonectomy with 
trabeculectomy, 323 


Correlation between intraocular pressure control 
and progressive glaucomatous damage in pri- 
mary open-angle glaucoma, 51 


Correlation of the blind spot size to the area of the 
optic disk and parapapillary atrophy, 559 


The effect of topical antiglaucoma drugs on the 
results of high-pass resolution perimetry, 711 


The effects of Nd:YAG laser iridotomy on the cor- 
neal endothelium, 505 


Follicular conjunctivitis associated with apracloni- 
dine (letter), 105 ; 


Initial glaucomatous optic disk and retinal nerve 
fiber layer abnormalities and their progres- 
sion, 485 


Intracameral tissue plasminogen activator for reso- 
lution of fibrin clots after glaucoma filtering 
procedures (letter), 247 


Intraocular pressure and the rate of visual field loss 
in chronic open-angle glaucoma, 491 


In vitro videographic comparison of argon and 
Nd:YAG laser iridotomy, 589 


Vol. 111, No. 6 


Malignant glaucoma after Nd:YAG cyclophotocoa- 
gulation (letter), 245 


Mucogenic secondary open-angle glaucoma in dif- 
fuse epithelial ingrowth treated by block-exci- 
sion, 230 


Postoperative complications after Molteno implant 
surgery, 319 


Pseudophakic pupillary-block glaucoma in chil- 
dren, 715 


Reproducibility of topographic measurements of 
the normal and glaucomatous optic nerve head 
with the laser tomographic scanner, 221 


Reversible lower eyelid ectropion associated with 
dipivefrin (letter), 650 


Sector palsy of the sphincter pupillae muscle after 
argon laser trabeculoplasty (letter), 511 


Therapeutic ultrasound for the treatment of glauco- 
ma, 327 


Visual field defects in diabetic patients with prima- 
ry open-angle glaucoma, 581 


Glioma 
Leptomeningeal dissemination of optic pathway 
gliomas in three children, 719 


Magnetic resonance imaging signs of optic nerve 
gliomas in neurofibromatosis 1, 729 


Goldmann-Favre syndrome 
Relatively enhanced S cone function in the Gold- 
mann-Favre syndrome, 446 


Graft 
The effect of allograft rejection after penetrating 
keratoplasty on central endothelial cell densi- 
ty, 739 
Epikeratoplasty with nonlyophilized tissue in chil- 
dren with aphakia, 407 


Herpes simplex dendritic keratitis after kerato- 
plasty, 480 


Repair of a giant scleral ulcer with a scleral graft 
and tissue glue (letter), 251 


Graves’ ophthalmopathy 
Hepatic cirrhosis as a doubtful cause of eyelid re- 
traction (letter), 109 


Gyrate atrophy 
Ocular clinicopathologic study of gyrate atrophy, 
24 
H 
Hemangioma 


Microwave thermotherapy for choroidal hemangi- 
oma (letter), 240 


Hemianopsia 
Neuro-imaging and positron emission tomography 
of congenital homonymous hemianopsia, 413 
Hemorrhage 


Tissue plasminogen activator treatment of experi- 
mental subretinal hemorrhage, 197 


SUBJECT INDEX ix 


Herpes simplex 
Herpes simplex dendritic keratitis after kerato- 
plasty, 480 


Herpesvirus 
Rapidly progressive outer retinal necrosis in the 
acquired immunodeficiency syndrome (corre- 
spondence), 255 


Hydroxyamphetamine 
Hydroxyamphetamine. A good drug lost? (editori- 
al), 100 


Palpebral fissure responses to topical adrenergic 
drugs, 706 


Hyperopia 
Early-onset autosomal dominant retinitis pigmen- 
tosa with severe hyperopia, 454 


Hypertension 
The prevalence of retinal vascular abnormalities in 
children and adolescents with essential hyper- 
tension, 205 


Hyphema 
Nd:YAG laser treatment for recurrent hyphemas in 
pseudophakia (letter), 513 


I 


Ichthyosis 
Ichthyosis and crystalline maculopathy (letter), 522 


Idoxuridine 
Immunofluorescence findings in pseudopemphi- 
goid induced by short-term idoxuridine ad- 
ministration (letter), 375 


Intraocular lens 
Chronic ciliary pain secondary to posterior cham- 
ber intraocular lens loop incarceration (letter), 
513 


Comparison of a 3- and 6-mm incision in combined 
phacoemulsification and trabeculectomy, 189 


Comparison of intraocular lens fixation techniques 
performed during penetrating keratoplasty, 
743 


Delayed-onset pseudophakic endophthalmitis, 163 


Delayed-onset pseudophakic endophthalmitis (cor- 
respondence), 656 


Experimental nucleus extraction through a capsu- 
lorhexis in an eye with pseudoexfoliation syn- 
drome (letter), 645 


Extracapsular cataract extraction with intraocular 
lens implantation after scleral buckling sur- 
gery, 174 


Posterior chamber intraocular lens implantation in 
eyes with inactive and active proliferative dia- 
betic retinopathy, 158 


Pseudophakic pupillary-block glaucoma in chil- 
dren, 715 





x AMERICAN JOURNAL OF OPHTHALMOLOGY 


Intraocular pressure 
Control of intraocular pressure with apraclonidine 
hydrochloride after cataract extraction, 184 


Correlation between intraocular pressure control 
and progressive glaucomatous damage in pri- 
mary open-angle glaucoma, 51 


The effect of Perkins, Tono-Pen, and Schidtz to- 
nometry on intraocular pressure, 59 


Increased intraocular pressure in severely burned 
patients, 56 


Increased intraocular pressure in severely burned 
patients (correspondence), 657 


Intraocular pressure and the rate of visual field loss 
in chronic open-angle glaucoma, 491 


Postoperative complications after Molteno implant 
surgery, 319 


Iridectomy 
Identification, prevention, and treatment of sili- 
cone oil pupillary block after an inferior iridec- 
tomy, 501 
Iridocyclitis 
The epidemiologic association of Fuchs’ heteroch- 
romic iridocyclitis and ocular toxoplasmosis, 
356 
Iridotomy 
The effects of Nd:YAG laser iridotomy on the cor- 
neal endothelium, 505 


In vitro videographic comparison of argon and 
Nd:YAG laser iridotomy, 589 


Iris 
Flexible iris retractor, 776 


Hereditary hemorrhagic macular dystrophy, 294 


The influence of iris pigmentation on the miotic 
effect of thymoxamine, 351 


Metastatic renal cell carcinoma of the iris manifest- 
ing as an intrastromal iris cyst (letter), 113 


A physical analysis of the factors that determine the 
contour of the iris, 338 


The physiologic characteristics of relative pupillary 
block, 344 


Ischemia 
The natural course of central retina! vein occlusion 
(correspondence), 525 


Optic nerve sheath decompression for the treat- 
ment of progressive nonarteritic ischemic optic 
neuropathy, 724 


K 


Keratitis 
Conjunctival necrosis after administration of topi- 
cal fortified aminoglycosides, 690 


Epidemiologic characteristics, predisposing factors, 
and etiologic diagnosis of corneal ulceration in 
Nepal, 92 


JUNE , 1991 


Flavobacterium meningosepticum keratitis successfully 
treated with topical trimethoprim-sulfameth- 
oxazole (letter), 116 


Herpes simplex dendritic keratitis after kerato- 
plasty, 480 


Infectious keratitis and cyanoacrylate adhesive, 466 


Peripheral ulcerative keratitis related to Lyme dis- 
ease (letter), 244 


Role of cell-mediated immunity to staphylococci in 
blepharitis, 473 


Successful medical management of Acanthamoeba 
keratitis (correspondence), 256 


Varicella disciform stromal keratitis, 575 


Keratoconjunctivitis sicca 
Acute dacryocystitis after punctal occlusion for ker- 
atoconjunctivitis sicca (letter), 769 


Keratoconjunctivitis sicca caused by diphenoxylate 
hydrochloride with atropine sulfate (Lomotil) 
(letter), 377 


Keratoconus 
A comparison of penetrating keratoplasty to epiker- 
atoplasty in the surgical management of kera- 
toconus, 145 


The effect of allograft rejection after penetrating 
keratoplasty on central endothelial cell densi- 
ty, 739 


Keratoconus and congenital hip dysplasia (letter), 
775 


Keratopathy 
Infectious crystalline keratopathy after relaxing in- 
cisions (letter), 374 


Keratoplasty 
Herpes simplex dendritic keratitis after kerato- 
plasty, 480 


Ketoprofen 
Ketoprofen in the treatment of scleritis (letter), 249 


Klebsiella sp. 
Bilateral endogenous endophthalmitis in a patient 
with diabetes and renal papillary necrosis (let- 

ter), 653 


L 


Lacrimal apparatus 
Acute dacryocystitis after punctal occlusion for ker- 
atoconjunctivitis sicca (letter), 769 


Endoscopic laser-assisted lacrimal surgery, 152 


An eyelash nidus for dacryoliths of the lacrimal 
excretory and secretory systems, 624 


Lacrimal gland epidermal growth factor produc- 
tion and the ocular surface, 763 


Retained Veirs rod and canaliculitis (letter), 251 


Vol. 111, No. 6 


Urine drug screening for cocaine after lacrimal sur- 
gery, 703 


Laser 
Changes in corneal curvature at different excimer 
laser ablative depths (letter), 382 


The effects of Nd:YAG laser iridotomy on the cor- 
neal endothelium, 505 


Endoscopic laser-assisted lacrimal surgery, 152 
Hereditary hemorrhagic macular dystrophy, 294 


In vitro videographic comparison of argon and 
Nd:YAG laser iridotomy, 589 


Malignant glaucoma after Nd:YAG cyclophotocoa- 
gulation (letter), 245 


Nd:YAG laser treatment for recurrent hyphemas in 
pseudophakia (letter), 513 


Reproducibility of topographic measurements of 
the normal and glaucomatous optic nerve head 
with the laser tomographic scanner, 221 


Sector palsy of the sphincter pupillae muscle after 
argon laser trabeculoplasty (letter), 511 


Successful treatment of recurrent corneal erosion 
with Nd:YAG anterior stromal puncture (cor- 
respondence), 252 


Lattice degeneration _ 
Prevalence of lattice degeneration and its relation 
to axial length in severe myopia, 20 


Leber's optic atrophy 
The clinical characteristics of pedigrees of Leber’s 
hereditary optic neuropathy with the 11778 
mutation, 750 


Lens 
The elastic properties of the lens capsule in capsu- 
lorhexis, 628 


Experimental nucleus extraction through a capsu- 
lorhexis in an eye with pseudoexfoliation syn- 
drome (letter), 645 


A new method for documenting lens opacities, 65 


Nuclear sclerotic cataract after vitrectomy for idio- 
pathic epiretinal membranes causing macular 
pucker, 434 


Quantitative analysis of lens changes after vitrec- 
tomy by fluorophotometry, 179 


Leukemia 
Retinal pigment epitheliopathy in acute leukemia 
(letter), 111 


Lipoprotein 
Human and monkey corneal endothelium expres- 
sion of low-density lipoprotein receptors, 84 


SUBJECT INDEX xi 


Lomotil 
Keratoconjunctivitis sicca caused by diphenoxylate 
hydrochloride with atropine sulfate (Lomotil) 
(letter), 377 


Lupus erythematosus 
Discoid lupus erythematosus of the eyelid compli- 
cated by wound dehiscence (letter), 108 


Lyme borreliosis 
Peripheral ulcerative keratitis related to Lyme dis- 
ease (letter), 244 


Retinal vasculitis with proliferative retinopathy in 
a patient with evidence of Borrelia burgdorferi 
infection (letter), 243 


M 


Macula 
Hereditary hemorrhagic macular dystrophy, 294 


Macular edema in acquired immunodeficiency syn- 
drome-related microvasculopathy, 770 


Nuclear sclerotic cataract after vitrectomy for idio- 
pathic epiretinal membranes causing macular 
pucker, 434 


Recognition and removal of the posterior cortical 
vitreous during vitreoretinal surgery for im- 
pending macular hole, 611 


Macular dystrophy 
Hereditary hemorrhagic macular dystrophy, 294 


Maculopathy 
Ichthyosis and crystalline maculopathy (letter), 522 


Magnetic resonance imaging 
Magnetic resonance imaging evaluation of uveal 
tumors, 633 


Magnetic resonance imaging signs of optic nerve 
gliomas in neurofibromatosis 1, 729 


Medical education 
Assessment of ophthalmic training programs, 642 


Meetings, Conferences, Symposia 
Ocular Microbiology and Immunology 
Group—24th Annual Meeting (O’DAY, D. M.), 
391 


Meibomian gland 
Meibomian gland carcinoma in a 20-year-old pa- 
tient (letter), 114 


Melanoma 
Histopathologic evidence of fibrovascular in- 
growth four weeks after placement of the hy- 
droxyapatite orbital implant, 363 


In vivo phosphorus 31 magnetic resonance spec- 
troscopy of human uveal melanomas and other 
intraocular tumors, 276 


Magnetic resonance imaging evaluation of uveal 
tumors, 633 


Tear cytology in conjunctival melanoma (letter), 
648 


xii AMERICAN JOURNAL OF OPHTHALMOLOGY JUNE , 1991 
Miosis Neovascularization 
The effect of preoperative flurbiprofen on miosis Disk neovascularization in chronic anterior uveitis 
produced by acetylcholine during cataract sur- (letter), 241 


gery, 735 


The influence of iris pigmentation on the miotic 
effect of thymoxamine, 351 


Mitral valve prolapse 
Transesophageal echocardiography for detecting 
mitral valve prolapse with retinal artery occlu- 
sions (letter), 103 


Use of transesophageal echocardiography for de- 
tection of a likely source of embolization to the 
central retinal artery (letter), 104 


Molteno glaucoma implant 
Postoperative complications after Molteno implant 
surgery, 319 


Mountain sickness 
Contrast sensitivity as an early indicator of acute 
mountain sickness (letter), 651 


Multiple endocrine neoplasia 
Incidence of prominent corneal nerves in multiple 
endocrine neoplasia type 2A, 307 


Muscle 
Aberrant extraocular fibrous band as a cause of stra- 
bismus (letter), 370 


A simple transposition procedure for complicated 
strabismus, 302 


Mydriasis 
The influence of iris pigmentation on the miotic 
effect of thymoxamine, 351 


Myeloma 
Paraproteinemic corneal deposits in plasma cell 
myeloma, 312 


Myopia 
Prevalence of lattice degeneration and its relation 
to axial length in severe myopia, 20 


Scleral buckling for rhegmatogenous retinal de- 
tachment associated with severe myopia, 595 


Stability of refraction during four years after radial 
keratotomy in the Prospective Evaluation of 
Radial Keratotomy Study, 133 


Myxoma 
The Carney complex with ocular signs suggestive 
of cardiac myxoma, 699 


N 


Necrosis 
Bilateral endogenous endophthalmitis in a patient 
with diabetes and renal papillary necrosis (let- 
ter), 653 


Conjunctival necrosis after administration of topi- 
cal fortified aminoglycosides, 690 


Surgical removal of subfoveal neovascularization 
in the presumed ocular histoplasmosis syn- 
drome, 1 


Neurofibromatosis 
Isolated neurofibromas of the conjunctiva, 694 


Magnetic resonance imaging signs of optic nerve 
gliomas in neurofibromatosis 1, 729 


Norrie’s disease 
Ultrastructural study of Norrie’s disease, 439 


Nystagmus 
Variable expression of albinism within a single kin- 
dred, 419 
O 
Obituaries 
Dobbie, J. Graham 1926-1990 (FETKENHOUR, C.), 
394 
Michels, Ronald G. 1943-1991 (RYAN, S. J.), 661 
Occlusion 
Flotation devices to facilitate amblyopia therapy 
(letter), 110 


Oculomotor nerve 
Bilateral congenital oculomotor nerve palsy in a 
child with brain anomalies, 555 


Late recovery of function after oculomotor nerve 
palsy, 566 


Surgical management of oculomotor nerve palsy, 
71 


Surgical management of oculomotor nerve palsy 
(correspondence), 658 


Oculovestibular response 
Acetazolamide in the treatment of abnormal oculo- 
vestibular response, 215 


Open-angle glaucoma 
Correlation between intraocular pressure control 
and progressive glaucomatous damage in pri- 
mary open-angle glaucoma, 51 


Intraocular pressure and the rate of visual field loss 
in chronic open-angle glaucoma, 491 


Visual field defects in diabetic patients with prima- 
ry open-angle glaucoma, 581 


Ophthalmomyiasis 
Nosocomial conjunctival ophthalmomyiasis with 
Cochliomyia macellaria (letter), 520 


Optic disk 
Correlation of the blind spot size to the area of the 
optic disk and parapapillary atrophy, 559 


Disk neovascularization in chronic anterior uveitis 
(letter), 241 


Vol. 111, No. 6 


Initial glaucomatous optic disk and retinal nerve 
fiber layer abnormalities and their progres- 
sion, 485 


Optic nerve 
Magnetic resonance imaging signs of optic nerve 
gliomas in neurofibromatosis 1, 729 


The oculocardiac reflex during enucleation (letter), 
378 


Optic nerve sheath decompression for the treat- 
ment of progressive nonarteritic ischemic optic 
neuropathy, 724 


Reproducibility of topographic measurements of 
the normal and glaucomatous optic nerve head 
with the laser tomographic scanner, 221 


Treatment of traumatic optic neuropathy with cor- 
ticosteroids—correction (correspondence), 526 


Optic neuritis 
Visual recovery in patients with optic neuritis and 
visual loss to no light perception, 209 


Optic neuropathy 
Optic nerve sheath decompression for the treat- 
ment of progressive nonarteritic ischemic optic 
neuropathy, 724 


Treatment of traumatic optic neuropathy with cor- 
ticosteroids—correction (correspondence), 526 


Orbit 
Histopathologic evidence of fibrovascular in- 
growth four weeks after placement of the hy- 
droxyapatite orbital implant, 363 


Magnetic resonance imaging signs of optic nerve 
gliomas in neurofibromatosis 1, 729 


P 


Palsy 
Bilateral congenital oculomotor nerve palsy in a 
child with brain anomalies, 555 


Late recovery of function after oculomotor nerve 
palsy, 566 


Sector palsy of the sphincter pupillae muscle after 
argon laser trabeculoplasty (letter), 511 


Surgical management of oculomotor nerve palsy, 
71 


Surgical management of oculomotor nerve palsy 
(correspondence), 658 


Transient cranial nerve palsies after cavernous si- 
nus fistula embolization (letter), 771 


Penetrating keratoplasty 
Comparison of intraocular lens fixation techniques 
performed during penetrating keratoplasty, 
743 


SUBJECT INDEX xiii 


A comparison of penetrating keratoplasty to epiker- 
atoplasty in the surgical management of kera- 
toconus, 145 


The effect of allograft rejection after penetrating 
keratoplasty on central endothelial cell densi- 
ty, 739 


Infectious crystalline keratopathy after relaxing in- 
cisions (letter), 374 


Pentamidine 
Pneumocystis carinii choroiditis after long-term aero- 
solized pentamidine therapy (correspon- 
dence), 118 


Perimetry 
The effect of topical antiglaucoma drugs on the 
results of high-pass resolution perimetry, 711 


Vertebral artery occlusion complicating perimetry 
(letter), 516 


Perspectives 
Assessment of ophthalmic training programs, 642 


Automated perimetry in glaucoma, 235 
How safe are disposable soft contact lenses?, 766 


Lacrimal gland epidermal growth factor produc- 
tion and the ocular surface, 763 


Phacoemulsification 
Comparison of a 3- and 6-mm incision in combined 
phacoemulsification and trabeculectomy, 189 


Phenylephrine 
Palpebral fissure responses to topical adrenergic 
drugs, 706 


Photocoagulation 
Hereditary hemorrhagic macular dystrophy, 294 


Pigment dispersion syndrome 
Anisocoria in the pigmentary dispersion syndrome 
(correspondence), 384 


Pilocarpine 
The effect of topical antiglaucoma drugs on the 
results of high-pass resolution perimetry, 711 


Pneumocystis sp. 
Pneumocystis carinii choroiditis after long-term aero- 
solized pentamidine therapy (correspon- 
dence), 118 


Presumed ocular histoplasmosis syndrome 
Surgical removal of subfoveal neovascularization 
in the presumed ocular histoplasmosis syn- 
drome, 1 


Proliferative vitreoretinopathy 
Causes of failure after initial vitreoretinal surgery 
for severe proliferative vitreoretinopathy, 8 


xiv AMERICAN JOURNAL OF OPHTHALMOLOGY 


Causes of failure after repeat vitreoretinal surgery 
for recurrent proliferative vitreoretinopathy, 
15 


Proteus syndrome 
Eyelid tumors in the proteus syndrome (letter), 521 


Pseudoexfoliation syndrome 
Experimental nucleus extraction through a capsu- 
lorhexis in an eye with pseudoexfoliation syn- 
drome (letter), 645 
Pseudopemphigoid 
Immunofluorescence findings in pseudopemphi- 
goid induced by short-term idoxuridine ad- 
ministration (letter), 375 


Pseudophakia 
Nd:YAG laser treatment for recurrent hyphemas in 
pseudophakia (letter), 513 
Pupil 
Anisocoria in the pigmentary dispersion syndrome 
(correspondence), 384 


Bilateral congenital oculomotor nerve palsy in a 
child with brain anomalies, 555 


The effect of preoperative flurbiprofen on miosis 
produced by acetylcholine during cataract sur- 
gery, 735 


Flexible iris retractor, 776 


Hydroxyamphetamine. A good drug lost? (editori- 
al), 100 


Identification, prevention, and treatment of sili- 
cone oil pupillary block after an inferior iridec- 
tomy, 501 


A physical analysis of the factors that determine the 
contour of the iris, 338 


The physiologic characteristics of relative pupillary 
block, 344 


Sector palsy of the sphincter pupillae muscle after 
argon laser trabeculoplasty (letter), 511 


Pupillary block 
Identification, prevention, and treatment of sili- 
cone oil pupillary block after an inferior iridec- 

tomy, 501 


A physical analysis of the factors that determine the 
contour of the iris, 338 


The physiologic characteristics of relative pupillary 


block, 344 
Pseudophakic pupillary-block glaucoma in chil- 
dren, 715 
R 
Radial keratotomy 


Stability of refraction during four years after radial 
keratotomy in the Prospective Evaluation of 
Radial Keratotomy Study, 133 


Rectus muscle 
A magnetic resonance imaging study of the up- 
shoot-downshoot phenomenon of Duane’s re- 
traction syndrome, 548 


JUNE , 1991 


Refraction 
Large refractive change after strabismus surgery 
(letter), 371 


Stability of refraction during four years after radial 
keratotomy in the Prospective Evaluation of 
Radial Keratotomy Study, 133 


Retina 
Acute multifocal inner retinitis, 673 


Causes of failure after initial vitreoretinal surgery 
for severe proliferative vitreoretinopathy, 8 


Causes of failure after repeat vitreoretinal surgery 
for recurrent proliferative vitreoretinopathy, 
15 


Initial glaucomatous optic disk and retinal nerve 
fiber layer abnormalities and their progres- 
sion, 485 


Light damage in detached retina, 47 
Loss of contrast sensitivity in cystic fibrosis, 427 


Macular edema in acquired immunodeficiency syn- 
drome-related microvasculopathy, 770 


The natural course of central retinal vein occlusion 
(correspondence), 525 


Ocular clinicopathologic study of gyrate atrophy, 
24 


Photic retinal injury from endoillumination during 
vitrectomy, 42 


Prevalence of lattice degeneration and its relation 
to axial length in severe myopia, 20 


The prevalence of retinal vascular abnormalities in 
children and adolescents with essential hyper- 
tension, 205 


Rapidly progressive outer retinal necrosis in the 
acquired immunodeficiency syndrome (corre- 
spondence), 255 


Recognition and removal of the posterior cortical 
vitreous during vitreoretinal surgery for im- 
pending macular hole, 611 


Relatively enhanced S cone function in the Gold- 
mann-Favre syndrome, 446 


Retinal vasculitis with proliferative retinopathy in 
a patient with evidence of Borrelia burgdorferi 
infection (letter), 243 


Signs, complications, and platelet aggregation in 
familial exudative vitreoretinopathy, 34 


Surgical removal of subfoveal neovascularization 
in the presumed ocular histoplasmosis syn- 
drome, 1 


Tissue plasminogen activator treatment of experi- 
mental subretinal hemorrhage, 197 


Transesophageal echocardiography for detecting 
mitral valve prolapse with retinal artery occlu- 
sions (letter), 103 


Vol. 111, No. 6 SUBJECT INDEX XV 
Ultrastructural study of Norrie’s disease, 439 S 
Unilateral frosted branch angiitis, 682 Schirmer test 


Use of transesophageal echocardiography for de- 
tection of a likely source of embolization to the 
central retinal artery (letter), 104 


Retinal detachment 
Causes of failure after initial vitreoretinal surgery 
for severe proliferative vitreoretinopathy, 8 


Causes of failure after repeat vitreoretinal surgery 
for recurrent proliferative vitreoretinopathy, 
15 


Light damage in detached retina, 47 


The management of retinal detachments associated 
with choroidal colobomas by vitreous surgery, 
271 


Prevalence of lattice degeneration and its relation 
to axial length in severe myopia, 20 


Scleral buckling for rhegmatogenous retinal de- 
tachment associated with severe myopia, 595 


Retinal necrosis 
Rapidly progressive outer retinal necrosis in the 
acquired immunodeficiency syndrome (corre- 
spondence), 255 


Retinal pigment epithelium 
Hereditary hemorrhagic macular dystrophy, 294 


Retinal pigment epitheliopathy in acute leukemia 
(letter), 111 
Retinitis 
Acute multifocal inner retinitis, 673 
Rapidly progressive outer retinal necrosis in the 


acquired immunodeficiency syndrome (corre- 
spondence), 255 


Retinitis pigmentosa 
Early-onset autosomal dominant retinitis pigmen- 
tosa with severe hyperopia, 454 


Ocular findings in patients with autosomal domi- 
nant retinitis pigmentosa and rhodopsin, pro- 
line-347-leucine, 614 


Retinopathy 
The prevalence of retinal vascular abnormalities in 
children and adolescents with essential hyper- 
tension, 205 


Retinal vasculitis with proliferative retinopathy in 
a patient with evidence of Borrelia burgdorferi 
infection (letter), 243 


Retinopathy in human vitamin E deficiency, 774 


Retinotomy 
Vitrectomy retinotomy aspiration biopsy of choroi- 
dal tumors (correspondence), 121 


Rod 
Relatively enhanced S cone function in the Gold- 
mann-Favre syndrome, 446 


The importance of the Schirmer test with nasal 
stimulation (letter), 106 


Schwannoma 
The Carney complex with ocular signs suggestive 
of cardiac myxoma, 699 


Sclera 
Ketoprofen in the treatment of scleritis (letter), 249 


Repair of a giant scleral ulcer with a scleral graft 
and tissue glue (letter), 251 


Scleral buckle 
Extracapsular cataract extraction with intraocular 
lens implantation after scleral buckling sur- 
gery, 174 


Scleral buckling for rhegmatogenous retinal de- 
tachment associated with severe myopia, 595 


Scleritis 
Ketoprofen in the treatment of scleritis (letter), 249 


Scleritis and Wegener's granulomatosis in children, 
430 


Sclerosis 
Nuclear sclerotic cataract after vitrectomy for idio- 
pathic epiretinal membranes causing macular 
pucker, 434 


Silicone oil 
Identification, prevention, and treatment of sili- 
cone oil pupillary block after an inferior iridec- 
tomy, 501 


Spectroscopy 
In vivo phosphorus 31 magnetic resonance spec- 
troscopy of human uveal melanomas and other 
intraocular tumors, 276 


Squamous cell carcinoma 
Squamous cell carcinoma of the cornea, 571 


Staphylococcus sp. 
Role of cell-mediated immunity to staphylococci in 
blepharitis, 473 


Strabismus 
Aberrant extraocular fibrous band as a cause of stra- 
bismus (letter), 370 


Large refractive change after strabismus surgery 
(letter), 371 


A simple transposition procedure for complicated 
strabismus, 302 | 


Stroma 
Varicella disciform stromal keratitis, 575 


T 
Tears 
Lacrimal gland epidermal growth factor produc- 
tion and the ocular surface, 763 


Tear cytology in conjunctival melanoma (letter), 
648 


xvi AMERICAN JOURNAL OF OPHTHALMOLOGY JUNE, 1991 
Tenonectomy Histopathologic evidence of fibrovascular in- 
A comparison of total and partial tenonectomy with growth four weeks after placement of the hy- 
trabeculectomy, 323 droxyapatite orbital implant, 363 
Terrien’s disease In vivo phosphorus 31 magnetic resonance spec- 


Terrien’s marginal degeneration associated with 
vernal conjunctivitis (letter), 517 


Thymoxamine 
Blepharoptosis caused by systemic thymoxamine 
(letter), 524 


The influence of iris pigmentatior. on the miotic 
effect of thymoxamine, 351 


Timolol 
The effect of topical antiglaucoma drugs on the 
results of high-pass resolution perimetry, 711 


Tissue plasminogen activator 
Intracameral tissue plasminogen activator for reso- 
lution of fibrin clots after glaucoma filtering 

procedures (letter), 247 


Tissue plasminogen activator treatment of experi- 
mental subretinal hemorrhage, 197 


Tobramycin 
An in vitro study of the potency and stability of 
fortified ophthalmic antibiotie preparations, 
686 


Tonometry 
The effect of Perkins, Tono-Pen, and Schidtz to- 
nometry on intraocular pressure, 59 


Toxoplasma sp. 
Current practices in the management of ocular 
toxoplasmosis, 601 


The epidemiologic association of Fuchs’ heteroch- 
romic iridocyclitis and ocular toxoplasmosis, 
356 


Toxoplasmosis 
Current practices in the management of ocular 
toxoplasmosis, 601 


The epidemiologic association of Fuchs’ heteroch- 
romic iridocyclitis and ocular toxoplasmosis, 
356 


Trabeculectomy 
Comparison of a 3- and 6-mm incision in combined 
phacoemulsification and trabeculectomy, 189 


A comparison of total and partial tenonectomy with 
trabeculectomy, 323 


Trabeculoplasty 
Sector palsy of the sphincter pupillae muscle after 
argon laser trabeculoplasty (letter), 511 


Trimethoprim-sulfamethoxazole 
Flavobacterium meningosepticum keratitis successfully 
treated with topical trimethoprim-sulfameth- 
oxazole (letter), 116 


Tumor 
Eyelid tumors in the proteus syndrome (letter), 521 


troscopy of human uveal melanomas and other 
intraocular tumors, 276 

Leptomeningeal dissemination of optic pathway 
gliomas in three children, 719 


Magnetic resonance imaging evaluation of uveal 
tumors, 633 


Metastatic renal cell carcinoma of the iris manifest- 
ing as an intrastromal iris cyst (letter), 113 


Microwave thermotherapy for choroidal hemangi- 
oma (letter), 240 


Squamous cell carcinoma of the cornea, 571 


Vitrectomy retinotomy aspiration biopsy of choroi- 
dal tumors (correspondence), 121 


U 


Ulcer 
Epidemiologie characteristics, predisposing factors, 
and etiologic diagnosis of corneal ulceration in 
Nepal, 92 


Ultrasound 
Therapeutic ultrasound for the treatment of glauco- 
ma, 327 


Uvea 
In vivo phosphorus 31 magnetic resonance spec- 
troscopy of human uveal melanomas and other 
intraocular tumors, 276 


Magnetic resonance imaging evaluation of uveal 
tumors, 633 
Uveitis 
Current practices in the management of ocular 
toxoplasmosis, 601 


Disk neovascularization in chronic anterior uveitis 


(letter), 241 
Recurrent uveitis preceded by swelling of skin tat- 
toos (letter), 515 
Vv 
Varicella 


Varicella disciform stromal keratitis, 575 


Vasculitis 
Retinal vasculitis with proliferative retinopathy in 
a patient with evidence of Borrelia burgdorferi 
infection (letter), 243 


Vein occlusion 
The natural course of central retinal vein occlusion 
(correspondence), 525 


Vernal conjunctivitis 
Terrien’s marginal degeneration associated with 
vernal conjunctivitis (letter), 517 


Vertigo 
Acetazolamide in the treatment of abnormal oculo- 
vestibular response, 215 


Vol. 111, No. 6 


Visual acuity 
The gradient filter test to assess amblyopia (corre- 
spondence), 119 
Mean visual acuity (letter), 372 
Visual field 
Intraocular pressure and the rate of visual field loss 
in chronic open-angle glaucoma, 491 
Visual field defects in diabetic patients with prima- 
ry open-angle glaucoma, 581 
Visual loss 
Visual recovery in patients with optic neuritis and 
visual loss to no light perception, 209 
Vitamin 
Loss of contrast sensitivity in cystic fibrosis, 427 
Retinopathy in human vitamin E deficiency, 774 
Vitrectomy 
Causes of failure after initial vitreoretinal surgery 
for severe proliferative vitreoretinopathy, 8 
Causes of failure after repeat vitreoretinal surgery 
for recurrent proliferative vitreoretinopathy, 
15 
The management of retinal detachments associated 
with choroidal colobomas by vitreous surgery, 
271 
Nuclear sclerotic cataract after vitrectomy for idio- 
pathic epiretinal membranes causing macular 
pucker, 434 


SUBJECT INDEX xvii 


Photic retinal injury from endoillumination during 
vitrectomy, 42 

Quantitative analysis of lens changes after vitrec- 
tomy by fluorophotometry, 179 

Recognition and removal of the posterior cortical 
vitreous during vitreoretinal surgery for im- 
pending macular hole, 611 

Vitrectomy retinotomy aspiration biopsy of choroi- 
dal tumors (correspondence), 121 

Vitreous 

The management of retinal detachments associated 
with choroidal colobomas by vitreous surgery, 
271 

Nuclear sclerotic cataract after vitrectomy for idio- 
pathic epiretinal membranes causing macular 
pucker, 434 

Recognition and removal of the posterior cortical 
vitreous during vitreoretinal surgery for im- 
pending macular hole, 611 

Vogt-Koyanagi-Harada syndrome 

Unilateral manifestation of the Vogt-Koyanagi- 
Harada syndrome in a 7-year-old child (letter), 
380 


W 


Wegener's granulomatosis 
Scleritis and Wegener's granulomatosis in children, 
430 


AUTHOR INDEX 


A 
AABERG, T. M.: See BROOCKER, G., 642 


AABERG, T. M.: See LEWIS, H. 8, 15 

ABRAMS, G. W.: See LEWIS, H., 8 

ADAMSONS, I., TAYLOR, K. I., ENGER, C., and TAY- 
LOR, H. R.: A new method for documenting 
lens opacities, 65 

AIRAKSINEN, P. J.: See TUULONEN, A., 485 

ALAVL, A.: See BOSLEY, T. M., 413 

ALPER, M. G.: Radiology of the Eye and Orbit. Mod- 
ern Neuroradiology, vol. 4, by Newton, T. H., 
and Bilaniuk, L. T. (eds.) (book review), 258 

ALWARD, W. L. M.: EndNote Plus (book review), 780 

ANDERSON, D. R, JIN, J. C., and WRIGHT, M. M.: 
The physiologic characteristics of relative pu- 
pillary block, 344 

ANGRA, S. K.: See VAJPAYEE, R. B., 715 

APPLE, D. J.: See ASSIA, E. I., 628, 645 

APPLE, D. J.: See LEGLER, U. F. C., 513 

ARFFA, R. C.: See PORTNOY, S. L., 113 

ARMESTO, D. M., LEE, A. M., PRAGER, T. C., GOOS- 
EY, C. B., and GOOSEY, J. D.: Epikeratoplasty 
with nonlyophilized tissue in children with 
aphakia, 407 

ASHKENAZL 1.: See BARTOV, E., 501 

ASSIA, E. I., APPLE, D. J., TSAL J. C., and LIM, E. S.: 
The elastic properties of the lens capsule in 
capsulorhexis, 628 


ASSIA, E. I, HOGGATT, J. P., and APPLE, D. J.: Ex- 
perimental nucleus extraction through a capsu- 
lorhexis in an eye with pseudoexfoliation syn- 
drome (letter), 645 


AVIEL, E.: See KREMER, L, 375 
B 


BAEK, N. H.: See ZEITER, J. H., 581 

BALDINGER, J.: See WU, G., 294 

BARATZ, K. H., BARTLEY, G. B., CAMPBELL, R. J., 
and GARRITY, J. A.: An eyelash nidus for da- 
cryoliths of the lacrimal excretory and secre- 
tory systems, 624 

BARISHAK, Y. R.: See SPIERER, A., 37C 

BARKOVICH, A. J.: See GOOD, W. V. 555 

BARTLEY, G. B.: Reversible lower eyelid ectropion 
associated with dipivefrin (letter), 650 


BARTLEY, G. B., and GORMAN, C. A.: Hepatic cirrho- 
sis as a doubtful cause of eyelid retraction (let- 
ter), 109 


xviii 


BARTLEY, G. B.: See BARATZ, K. H., 624 

BARTLEY, G. B.: See KALINA, P. H, 694 

BARTOV, E., HUNA, R., ASHKENAZL I, MELAMED, 
S., GUTMAN, L, NAVEH, N., and TREISTER, 
G.: Identification, prevention, and treatment of 
silicone oil pupillary block after an inferior 
iridectomy, 501 

BECKER, B. B.: Retained Veirs rod and canaliculitis 
(letter), 251 

BERGER, A. S., TYCHSEN, L., and ROSENBLUM, J. L.: 
Retinopathy in human vitamin E deficiency, 
774 

BERGER, S. T, MONDINO, B. J, HOFT, R. H., and 
FARLEY, M. K.: Reply to DRIEBE, W. T., JR., 
and STERN, G. A.: Successful medical manage- 
ment of Acanthamoeba keratitis (correspon- 
dence), 257 

BERGREN, R. L., BROWN, G. C., and DUKER, J. S.: 
Prevalence and association of asteroid hyalosis 
with systemic diseases, 289 

BERSON, E. L., ROSNER, B., SANDBERG, M. A., WEI- 
GEL-DIFRANCO, C., and DRYJA, T. P.: Ocular 
findings in patients with autosomal dominant 
retinitis pigmentosa and rhodopsin, proline- 
347-leucine, 614 

BEST, D.: See DAVIS, R. M., 743 

BHALLA, J. S., VASHISHT, S., GUPTA, V. K. and 
SEN, A. K: Meibomian gland carcinoma in a 
20-year-old patient (letter), 114 

BIRD, E. F.: See GOOSEY, J. D., 145 

BLASINL M.: See MILLER, K. N., 323 

BLEIN, J.-P.: See NORDMANN, J.-P., 651 

BLITSTEIN, B.: See SABATES, F. N., JR, 771 

BLONDEAU, P.: Normal Pressure Glaucomas, by Be- 
chetoille, A. (book review), 122 

BLOOM, J. N., GRAVISS, E. R., and MARDELLI, P. G.: 
A magnetic resonance imaging study of the 
upshoot-downshoot phenomenon of Duane’s 
retraction syndrome, 548 

BLUMENTHAL, M.: See MELAMED, S., 319 

BOS, P. J. M.: See VERBRAAK, F. D., 111 

BOSLEY, T. M., KIYOSAWA, M., MOSTER, M., HAR- 
BOUR, R., ZIMMERMAN, R., SAVINO, P. J. 
SERGOTT, R. C., ALAVI, A., and REIVICH, M.: 
Neuro-imaging and positron emission tomog- 
raphy of congenital homonymous hemianop- 
sia, 413 

BOWE, B. E., SNYDER, J. W. and EIFERMAN, R. A.: 
An in vitro study of the potency and stability of 
fortified ophthalmic antibiotic preparations, 
686 

BRANCATO, R.: See NUCCI, P., 775 

BREMER, D. L.: See LEGUIRE, L. E., 427 


Vol. 111, No. 6 


BROOCKER, G., and AABERG, T. M.: Assessment of 
ophthalmic training programs, 642 

BROWN, G. C.: See BERGREN, R. L., 289 

BROWN, J. D.: See HARDTEN, D. R., 245 


BRUGGERS, C. S., FRIEDMAN, H. S., PHILLIPS, P.C., 
WIENER, M. D., HOCKENBERGER, B., 
OAKES, W. J., and BUCKLEY, E. G.: Leptomen- 
ingeal dissemination of optic pathway gliomas 
in three children, 719 


BRYAN, L. E.: See UPADHYAY, M. P., 92 

BUCCI, F. A., JR., and HOLLAND, E. J.: Flavobacterium 
meningosepticum keratitis successfully treated 
with topical trimethoprim-sulfamethoxazole 
(letter), 116 

BUCKLEY, E. G., and TOWNSHEND, L. M.: A simple 
transposition procedure for complicated stra- 
bismus, 302 

BUCKLEY, E. G.: See BRUGGERS, C. S., 719 

BUETTNER, H.: See KALINA, P. H., 694 

BURDE, R. M., and THOMPSON, H. S.: Hydroxyam- 
phetamine. A good drug lost? (editorial), 100 

BURKE, M. J.: See DANIELS, S. R., 205 


C 


CAHANE, M.: See MELAMED, S., 319 

CAMERON, J. A., and HIDAYAT, A. A.: Squamous 
cell carcinoma of the cornea, 571 

CAMERON, J. D.: See MEIUSI, R. S., 108 

CAMPBELL, R. J.: See BARATZ, K. H., 624 

CAMPBELL, R. J.: See KALINA, P. H., 694 

CAPRIOLI, J.: Automated perimetry in glaucoma, 235 

CARNEY, J. A.: See KENNEDY, R. H., 699 

CARTER, K. D.: See MUNDEN, P. M., 378, 706 

CASTRONUOVO, S., SIMON, J. W., KANDEL, G. L., 
MORIER, A., WOLF, B., WITKOP, C. J., and 
JENKINS, P. L.: Variable expression of albi- 
nism within a single kindred, 419 

CATALANO, R. A.: See GOTTLOB, L, 71, 658 

CAVANAUGH, T. B., and GOTTSCH, J. D.: Infectious 
keratitis and cyanoacrylate adhesive, 466 

CELORIO, J. M., and PRUETT, R. C.: Prevalence of 
lattice degeneration and its relation to axial 
length in severe myopia, 20 

CHABBRA, V. K.: See VAJPAYEE, R. B., 715 

CHAN, C.-C.: See MANSOUR, A. M., 515 

CHANDLER, D. B.: See PRUM, B. E., JR., 589 

CHAR, D. H.: See RAYMOND, W. R, IV, 633 

CHEN, M. T.: See LIN, C. P., 251 

CHENG, K. P.: See SLAMOVITS, T. L., 209 

CHERFAN, G. M., MICHELS, R. G., DE BUSTROS, S., 
ENGER, C., and GLASER, B. M.: Nuclear scle- 
rotic cataract after vitrectomy for idiopathic 
epiretinal membranes causing macular pucker, 
434 

CHESS, Q.: See FASTENBERG, D. M., 121 


CHITKARA, D. K., and HUDSON, J. M.: Blepharopto- 
sis caused by systemic thymoxamine (letter), 
524 


AUTHOR INDEX xix 


CHODOSH, J., CLARRIDGE, J. E., and MATOBA, A.: 
Nosocomial conjunctival ophthalmomyiasis 
with Cochliomyia macellaria (letter), 520 


CHONG, L. P.: See DUGEL, P. U., 118 
CHRISTENSEN, R. E.: See PANEK, W. C., 505 
CLARRIDGE, J. E.: See CHODOSH, J., 520 
COHEN, E.: See MACRAE, S. M., 792 
COLEMAN, D. J.: See SILVERMAN, R. H., 327 
CORNICELLL J. A.: See ELNER, S. G., 84 
CRAWFORD, S. E.: See SACKS, R. D., 430 


CRUZ, O. A. PATRINELY, J. R, REYNA, G. S., and 
KING, J. W.: Urine drug screening for cocaine 
after lacrimal surgery, 703 


CULBERTSON, W.: See WARING, G. O., HI, 133 
D 


DANIELS, S. R., LIPMAN, M. J., BURKE, M. J. and 
LOGGIE, J. M. H.: The prevalence of retinal 
vascular abnormalities in children and adoles- 
cents with essential hypertension, 205 


DART, J. K. G.: See DAVISON, C. R., 690 
DAVIS, H. R.: See ELNER, S. G., 84 
DAVIS, R. M., BEST, D., and GILBERT, G. E.: Compari- 


son of intraocular lens fixation techniques per- 
formed during penetrating keratoplasty, 743 


DAVISON, C. R., TUFT, S. J., and DART, J. K. G.: 
Conjunctival necrosis after administration of 
topical fortified aminoglycosides, 690 

DE BUSTROS, S.: See CHERFAN, G. M., 434 

DEJUAN, E., JR., and HICKINGBOTHAM, D.: Flexible 
iris retractor, 776 

DE JUAN, E., JR.: See ENYEDI, L. B., 439 

DE JUAN, E., JR.: See HANNEKEN, A., 271 

DE KEYSER, J., HERROELEN, L., and VAN LANGEN- 


HOVE, L.: Vertebral artery occlusion compli- 
cating perimetry (letter), 516 


DELUISE, V. P., and O'LEARY, M. J.: Peripheral ulcer- 
ative keratitis related to Lyme disease (letter), 
244 


DENIS, P.: See NORDMANN, J.-P., 651 
DENISON, C. E.: See MUNDEN, P. M., 706 


DE POTTER, P., VON WEYMARN, C., and ZOGRA- 
FOS, L.: In vivo phosphorus 31 magnetic reso- 
nance spectroscopy of human uveal melano- 
mas and other intraocular tumors, 276 


DE POTTER, P.: See SHIELDS, C. L., 363 
DESATNIK, H.: See SPIERER, A., 370 


DIEHL, D. L. C., ROBIN, A. L., and WAND, M.: The 
influence of iris pigmentation on the miotic 
effect of thymoxamine, 351 


DONGZIS, D. M.: See MEDWAY, D. C., 249 
DONZIS, P. B.: See MEDWAY, D. C., 249 
DOYLE, J. W.: See SUGIN, S. L., 682 


XX AMERICAN JOURNAL OF OPHTHALMOLOGY 


DREHER, A. W., TSO, P. C, and WEINREB, R. N.: 
Reproducibility of topographic measurements 
of the normal and glaucomatous optic nerve 
head with the laser tomographic scanner, 221 


DRIEBE, W. T., JR., and STERN, G. A.: Successful medi- 
cal management of Acanthamoeba keratitis (cor- 
respondence), 256 

DRYJA, T. P.: See BERSON, E. L., 614 

DUGEL, P. U., RAO, N. A., FORSTER, D. J., CHONG, 
L. P., FRANGIEH, G. T., SATTLER, F., and LO- 
PRESTI, J. A.: Reply to TEICH, S. A., ROSENB- 
LATT, M., and FRIEDMAN, A.: Pneumocystis 
carinii choroiditis after long-term aerosolized 
pentamidine therapy (correspondence), 118 


DUGEL, P. U.: See FORSTER, D. J., 256 


DUKER, J. S., and SHAKIN, E. P.: Rapidly progressive 
outer retinal necrosis in the acquired immuno- 
deficiency syndrome (correspondence), 255 


DUKER, J. S.: See BERGREN, R. L., 289 


DUTTON, J. J.: Ptosis, ed. 4, by Callahan, M., and 
Beard, C. (book review), 778 


E 


EAGLE, R. C., JR.: See KENNEDY, R. H., 699 

EAGLE, R. C., JR.: See SHIELDS, C. L., 363 

EGAN, D.: See MACRAE, S. M., 792 

EIFERMAN, R. A.: See BOWE, B. E., 686 

ELNER, $. G., ELNER, V. M. PAVILACK, M. A. DA- 
VIS, H. R., CORNICELLL J. A. and YUE, B. Y.J. 
T.: Human and monkey corneal endothelium 
expression of low-density lipoprotein recep- 
tors, 84 

ELNER, V. M.: See ELNER, S. G., 84 

EMIG, M.: See WHITACRE, M. M., 59 

ENGER, C.: See ADAMSONS, I., 65 

ENGER, C.: See CHERFAN, G. M., 434 

ENGSTROM, R. E., JR., HOLLAND, G. N., NUSSENB- 
LATT, R. B., and JABS, D. A.: Current practices 
in the management of ocular toxoplasmosis, 
601 

ENYEDI, L. B., DE JUAN, E., JR, and GAITAN, A.: 
Ultrastructural study of Norrie’s disease, 439 

EPSTEIN, A. D.: See PEARSON, P. A., 773 

ERNEST, J. T.: See TRIPATHL R. C., 247 

EVANS, L. S.: Increased intraocular pressure in se- 
verely burned patients, 56 


EVANS, L. S.: Reply to NEUHAUS, R. W.: Increased 
intraocular pressure in severely burned pa- 
tients (correspondence), 658 


F 


FARLEY, M. K.: See BERGER, S. T., 257 

FARRIS, B. K.: See HESTER, R. B., HI, 215 

FASTENBERG, D. M. FINGER, P. T, CHESS, Q. 
PACKER, S., and KOIZUML, J. H.: Reply to 
PEYMAN, G. A.: Vitrectomy retinotomy aspi- 
ration biopsy of choroidal tumors (correspon- 
dence), 121 


JUNE, 1991 


FERNANDEZ, M. C.: See JONAS, J. B., 559 


FETKENHOUR, C.: Dobbie, J. Graham 1926-1990 
(obituary), 394 


FICKER, L., RAMAKRISHNAN, M, SEAL, D., and 
WRIGHT, P.: Role of cell-mediated immunity 
to staphylococci in blepharitis, 473 


FINGER, P. T., PAGLIONE, R. W., and PACKER, S.: 
Microwave thermotherapy for choroidal he- 
mangioma (letter), 240 


FINGER, P. T.: See FASTENBERG, D. M., 121 
FISHER, J. C.: See GONNERING, R. S., 152 
FITZGERALD-SHELTON, K.: See MUSCH, D. C., 739 
FLAMMER, J.: See GASSER, P., 585 

FLANAGAN, J. C.: See KENNEDY, R. H., 699 
FLANNERY, J. G.: See LEWIS, H., 197 

FLYNN, H. W., JR.: See FOX, G. M., 163, 656 

FLYNN, H. W., JR.: See MEIN, C. E., 611 


FORSTER, D. J., DUGEL, P. U., FRANGIEH, G. T,- 
LIGGETT, P. E., and RAO, N. A.: Reply to 
DUKER, J. S., and SHAKIN, E. P.: Rapidly pro- 
gressive outer retinal necrosis in the acquired 
immunodeficiency syndrome (correspon- 
dence), 256 


FORSTER, D. J., GREEN, R. L., and RAO, N. A.: Unilat- 
eral manifestation of the Vogt-Koyanagi-Har- 
ada syndrome in a 7-year-old child (letter), 380 


FORSTER, D. J.: See DUGEL, P. U., 118 


FOSTER, R. E., GUTMAN, F. A., MEYERS, S. M., and 
LOWDER, C. Y.: Acute multifocal inner retini- 
tis, 673 


FOURAKER, B. D.: See KINCAID, M. C., 374 


FOX, G. M., JOONDEPH, B. C., FLYNN, H. W. JR. 
PFLUGFELDER, S. C., and ROUSSEL, T. J.: De- 
layed-onset pseudophakic endophthalmitis, 
163 


FOX, G. M., JOONDEPH, B. C., FLYNN, H. W. JR, 
PFLUGFELDER, S$. C., and ROUSSEL, T. J.: Re- 
ply to HAIMANN, M. H., WEISS, H., AND 
MILLER, J. A.: Delayed-onset pseudophakic 
endophthalmitis (correspondence), 656 


FRANGIEH, G. T.: See DUGEL, P. U., 118 
FRANGIEH, G. T.: See FORSTER, D. J., 256 
FRIEDMAN, A. H.: See HAUG, S. J., 518 
FRIEDMAN, A. H.: See TEICH, 5. A., 118 
FRIEDMAN, H. S.: See BRUGGERS, C. S., 719 
FRIEDMAN, S. M.: See SUGIN, 5. L., 682 
FRISHBERG, B.: See PALESTINE, A. G., 770 


G 


GAITAN, A.: See ENYEDI, L. B., 439 


GALLO, J. E., and LENNERSTRAND, G.: A popula- 
tion-based study of ocular abnormalities in 
premature children aged 5 to 10 years, 539 


GARRITY, J. A.: See BARATZ, K. H., 624 
GARRITY, J. A.: See PACH, J. M., 241 


Vol. 111, No. 6 


GASS, J. D. M.: See JACOBSON, S. G., 446 


GASSER, P., and FLAMMER, J.: Blood-cell velocity in 
the nailfold capillaries of patients with nor- 
mal-tension and high-tension glaucoma, 585 


GEGGEL, H. S.: Reply to RUBINFELD, R. S., MACRAE, 
S. M., and LAIBSON, P. R.: Successful treat- 
ment of recurrent corneal erosion with 
Nd:YAG anterior stromal puncture (correspon- 
dence), 254 


GEISSE, L. J.: Nd:YAG laser treatment for recurrent 
hyphemas in pseudophakia (letter), 513 

GILBERT, G. E.: See DAVIS, R. M., 743 

GLASER, B. M.: See CHERFAN, G. M., 434 


GLATT, H. J.: Acute dacryocystitis after punctal occlu- 
sion for keratoconjunctivitis sicca (letter), 769 


GLATT, H. J.: Epiphora caused by blepharoptosis (let- 
ter), 649 
GOLDBERG, R. A.: See HAVUNJIAN, R. H., 653 


GOLNIK, K. C., and MILLER, N. R.: Late recovery of 
function after oculomotor nerve palsy, 566 


GONNERING, R. S. LYON, D. B., and FISHER, J. C.: 
Endoscopic laser-assisted lacrimal surgery, 152 


GOOD, W. V., BARKOVICH, A. J., NICKEL, B. L., and 
HOYT, C. S.: Bilateral congenital oculomotor 
nerve palsy in a child with brain anomalies, 
555 


GOOSEY, C. B.: See ARMESTO, D. M., 407 
GOOSEY, C. B.: See GOOSEY, J. D., 145 


GOOSEY, J. D., PRAGER, T. C., GOOSEY, C. B., BIRD, 
E. F., and SANDERSON, J. C.: A comparison of 
penetrating keratoplasty to epikeratoplasty in 
the surgical management of keratoconus, 145 


GOOSEY, J. D.: See ARMESTO, D. M., 407 
GORMAN, C. A.: See BARTLEY, G. B., 109 


GOTTLOB, I, CATALANO, R. A., and REINECKE, R. 
D.: Surgical management of oculomotor nerve 
palsy, 71 


GOTTLOB, I., REINECKE, R. D., and CATALANO, R. 
A.: Reply to SAUNDERS, R. A., and ROGERS, 
G. L.: Surgical management of oculomotor 
nerve palsy (correspondence), 658 


GOTTSCH, J. D.: See CAVANAUGH, T. B., 466 
GRAVES, A.: See MARTIN-BOGLIND, L. M., 711 
GRAVISS, E. R.: See BLOOM, J. N., 548 

GREEN, R. L.: See FORSTER, D. J., 380 

GREEN, W. R.: See WILSON, D. J., 24 
GREENWALD, M. J.: See REYNOLDS, R. D., 371 
GREENWALD, M. J.: See SACKS, R. D., 430 


GREVEN, C. M., WEAVER, R. G., HARRIS, W. R, 
WATTS, L. E., and SLUSHER, M. M.: Trans- 
esophageal echocardiography for detecting 
mitral valve prolapse with retinal artery occlu- 
sions (letter), 103 


AUTHOR INDEX xxi 


GUPTA, V. K.: See BHALLA, J. S., 114 
GUSEK, G. C.: See JONAS, J. B., 559 
GUTMAN, F. A.: See FOSTER, R. E., 673 
GUTMAN, L.: See BARTOV, E., 501 
GUTMAN, I.: See MELAMED, S., 319 


H 


HACKER, H. D., and O'HARA, M.: Flotation devices 
to facilitate amblyopia therapy (letter), 110 


HAIMANN, M. H., WEISS, H., and MILLER, J. A.: 
Delayed-onset pseudophakic endophthalmitis 
(correspondence), 656 


HAMILL, M. B.: See WILHELMUS, K. R., 575 


HANNEKEN, A., DE JUAN, E., JR, and MCCUEN, B. 
W. IL: The management of retinal detachments 
associated with choroidal colobomas by vitre- 
ous surgery, 271 


HANSEN, L. L., and WIEK, J.: The natural course of 
central retinal vein occlusion (correspon- 
dence), 525 


HARBOUR, R.: See BOSLEY, T. M., 413 


HARDTEN, D. R., and BROWN, J. D.: Malignant glau- 
coma after Nd:YAG cyclophotocoagulation 
(letter), 245 


HARRIS, W. R.: See GREVEN, C. M., 103 


HART, W. M., JR.: Manual of Visual Fields, by Werner, 
E. B. (ed.) (book review), 527 


HARTEL, W. C.: See SPOOR, T. C., 526 
HASSANEIN, K.: See WHITACRE, M. M. 59 


HAUG, S. J., and FRIEDMAN, A. H.: Identification of 
amiodarone in corneal deposits (letter), 518 


HAVUNJIAN, R. H., GOLDBERG, R. A. and HEPLER, 
R. S.: Bilateral endogenous endophthalmitis in 
a patient with diabetes and renal papillary ne- 
crosis (letter), 653 


HAYASAKA, S., NODA, S., and SETOGAWA, T.: En- 
dogenous Candida species endophthalmitis as- 
sociated with increased levels of D-arabinitol 
in serum and vitreous (letter), 379 


HENDERLY, D. E.: See SUGIN, S. L., 682 
HEPLER, R. S.: See HAVUNIIAN, R. H., 653 
HERMAN, C.: See MACRAE, S. M., 792 
HERMAN, D. C.: See PACH, J. M., 241 
HERROELEN, L.: See DE KEYSER, J., 516 
HERSH, P. S.: See ZAGELBAUM, B. M., 248 


HESTER, R. B., HI, and FARRIS, B. K.: Acetazolamide 
in the treatment of abnormal oculovestibular 
response, 215 


HICKINGBOTHAM, D.: See DE JUAN, E., JR., 776 
HICKINGBOTHAM, D.: See PRUM, B. E., JR., 589 
HIDAYAT, A. A.: See CAMERON, J. A., 571 
HIROSE, T.: See WU, G., 294 

HO, C.-H.: See MILLER, K. N. 323 
HOCKENBERGER, B.: See BRUGGERS, C. S., 719 


xxii AMERICAN JOURNAL OF OPHTHALMOLOGY 


HOFT, R. H.: See BERGER, S. T., 257 
HOGGATT, J. P.: See ASSIA, E. I, 645 


HOLLADAY, J. T., and PRAGER, T. Z.: Mean visual 
acuity (letter), 372 


HOLLAND, E. J.: See BUCCI, F. A., JR, 116 
HOLLAND, E. J.: See MEIUSI, R. S., 198 
HOLLAND, G. N.: See ENGSTROM, R. E., JR., 601 
HOLLSTEN, D. A.: See WHITE, W. L. 115 


HOLMES, J. M., and JAY, W. M.: The effect of preop- 
erative flurbiprofen on miosis produced by 
acetylcholine during cataract surgery, 735 


HOYT, C. S.: See GOOD, W. V., 555 

HOYT, W. F.: See IMES, R. K., 729 

HUANG, W. L.: See LIN, C. P., 251 
HUDSON, J. M.: See CHITKARA, D. K., 524 
HUNA, R.: See BARTOV, E., 501 

HUND, P.: See LEGLER, U. F. C., 513 


I 


IDE, C. H.: See WILES, S. B., 184, 654 
IKEDA, M.: See KINOSHITA, S., 307 


IMES, R. K., and HOYT, W. F.: Magnetic resonance 
imaging signs of optic nerve gliomas in neuro- 
fibromatosis 1, 729 

ISHIGOOKA, H.: See OGURA, Y., 179 


J 


JABS, D. A.: See ENGSTROM, R. E., JR, 601 


JACOBSON, S. G., ROMAN, A. J, ROMÁN, M. L, 
GASS, J. D. M., and PARKER, J. A.: Relatively 
enhanced S cone function in the Goldmann- 
Favre syndrome, 446 


JAMPOL, L. M.: See SUGIN, S. L., 682 


JAMPOLSKY, A.: Senile accommodative degenera- 
tion (SAD) (editorial), 510 


JAY, W. M.: See HOLMES, J. M., 735 
JENKINS, P. L.: See CASTRONUOVO, 5., 419 
JIN, J. C.: See ANDERSON, D. R., 344 

JIN, J. C.: See LYLE, W. A., 189 


JOHN, T: How safe are disposable soft contact 
lenses?, 766 


JOHNSON, B. L.: See PORTNOY, S. L.. 113 


JONAS, J. B., GUSEK, G. C., and FERNANDEZ, M. C.: 
Correlation of the blind spot size to the area of 
the optic disk and parapapillary atrophy, 559 


JONES, D. B.: See WILHELMUS, K. R., 575 


JOONDEPH, B. C.: A new technique for the adminis- 
tration of intraoperative periocular corticoste- 
roids (letter), 647 


JOONDEPH, B. C.: See FOX, G. M., 163, 656 
JUDISCH, G. F.: See LAM, B. L., 454 
K 


KACHMER, M. L.: See LEGUIRE, L. E., 427 
KAISERLING, E.: See STEUHL, K.-P., 312 


JUNE , 1991 


KALINA, P. H., BARTLEY, G. B, CAMPBELL, R. J., 
and BUETTNER, H.: Isolated neurofibromas of 
the conjunctiva, 694 


KALINA, P. H.: See PACH, J. M. 241 
KANDEL, G. L.: See CASTRONUOVO, $., 419 
KAPLAN, H. J.: See THOMAS, M. A., 1 
KARDON, R. H.: See MUNDEN, P. M., 706 


KARMACHARYA, P. C. D.: See UPADHYAY, M. P, 
92 


KEECH, R. V.: Color Atlas of Ophthalmic Surgery. 
Strabismus, by Wright, K. W. (book review), 
779 


KEECH, R. V.,and KUTSCHKE, P. J.: Reply to NARDI, 
M.: The gradient filter test to assess amblyopia 
(correspondence), 120 


KENNEDY, R. H., FLANAGAN, J. C., EAGLE, R. C., 
JR., and CARNEY, J. A.: The Carney complex 
with ocular signs suggestive of cardiac myxo- 
ma, 699 


KINCAID, M. C., FOURAKER, B. D., and SCHANZ- 
LIN, D. J.: Infectious crystalline keratopathy 
after relaxing incisions (letter), 374 


KING, J. W.: See CRUZ, O. A., 703 


KINOSHITA, S., TANAKA, F., OHASHI, Y., IKEDA, 
M. and TAKAI, S.: Incidence of prominent cor- 
neal nerves in multiple endocrine neoplasia 
type 2A, 307 


KIRKCONNELL, W. S.: See LEGLER, U. F. C., 513 
KIYOSAWA, M.: See BOSLEY, T. M., 413 
KNORR, M.: See STEUHL, K.-P., 312 

KOIRALA, S.: See UPADHYAY, M. P., 92 
KOIZUMI, J. H.: See FASTENBERG, D. M., 121 


KOLDER, H. E.: Cataract Surgery. Alternative Small- 
Incision Techniques, by Rozakis, G. W. (ed.) 
(book review), 260 

KOLDER, H. E.: Lens Implant Power Calculation, ed. 
3, by Retzlaff, J. A., Sanders, D. R., and Kraff, M. 
(book review), 388 


KOMMERELL, G.: See PFEIFFER, N., 511 

KRAMER, S. G.: A plea for low tech (editorial), 508 

KREIGER, A. E.: See RODRIGUEZ, F. J., 595 

KREMER, I.: Terrien’s marginal degeneration associ- 
ated with vernal conjunctivitis (letter), 517 


KREMER, I., ROZENBAUM, D., and AVIEL, E.: Immu- 
nofluorescence findings in pseudopemphi- 
goid induced by short-term idoxuridine ad- 
ministration (letter), 375 

KUCHLE, M., and NAUMANN, G. O. H.: Mucogenic 
secondary open-angle glaucoma in diffuse epi- 
thelial ingrowth treated by block-excision, 230 

KUHN, F., MORRIS, R., and MASSEY, M.: Photic reti- 
nal injury from endoillumination during vi- 
trectomy, 42 


Vol. 111, No. 6 


KUTNER, M. H.: See WARING, G. O., IIL, 133 
KUTSCHKE, P. J.: See KEECH, R. V., 120 


L 


LAIBSON, P. R.: See RUBINFELD, R. S., 252 
LAIBSON, P. R.: See WARING, G. O., HI, 133 


LAM, B. L., and JUDISCH, G. F.: Early-onset autoso- 
mal dominant retinitis pigmentosa with severe 
hyperopia, 454 


LANG, G. E., SCHÖNHERR, U., and NAUMANN, G. 
O. H.: Retinal vasculitis with proliferative reti- 
nopathy in a patient with evidence of Borrelia 
burgdorferi infection (letter), 243 


LEE, A. M.: See ARMESTO, D. M., 407 
LEE, D. A.: See PANEK, W. C., 505 


LEGLER, U. F. C., APPLE, D. J., HUND, P., and KIRK- 
CONNELL, W. S.: Chronic ciliary pain second- 
ary to posterior chamber intraocular lens loop 
incarceration (letter), 513 


LEGUIRE, L. E., PAPPA, K. S., KACHMER, M. L, 
ROGERS, G. L., and BREMER, D. L.: Loss of 
contrast sensitivity in cystic fibrosis, 427 


LEHMAN, E.: See TRIPATHI, R. C., 247 
LENNERSTRAND, G.: See GALLO, J. E., 539 
LENSINK, D. B.: See SPOOR, T. C., 526 


LESSNER, A., and MARGO, C. E.: Eyelid tumors in the 
proteus syndrome (letter), 521 


LEWIS, H.,and AABERG, T. M.: Causes of failure after 
repeat vitreoretinal surgery for recurrent pro- 
liferative vitreoretinopathy, 15 


LEWIS, H., AABERG, T. M., and ABRAMS, G. W.: 
Causes of failure after initial vitreoretinal sur- 
gery for severe proliferative vitreoretinop- 
athy, 8 


LEWIS, H., RESNICK, S. C., FLANNERY, J. G., and 
STRAATSMA, B. R.: Tissue plasminogen acti- 
vator treatment of experimental subretinal 
hemorrhage, 197 


LEWIS, H.: See RODRIGUEZ, F. J., 595 
LEWIS, R. A.: See WILKERSON, M., 105 
LIGGETT, P. E.: See FORSTER, D. J., 256 
LIM, E. S.: See ASSIA, E. I., 628 


LIN, C. P., WU, Y. H., CHEN, M. T., and HUANG, W. 
L.: Repair of a giant scleral ulcer with a scleral 
graft and tissue glue (letter), 251 


LINDSTROM, R. D.: See WARING, G. O., HI, 133 
LIPMAN, M. J.: See DANIELS, S. R., 205 
LIPPMAN, R.: See MACRAE, S. M., 792 

LISCH, W.: See STEUHL, K.-P., 312 


LITWIN, K. L., MOREIRA, H., OHADI, C., and Mc- 
DONNELL, P. J.: Changes in corneal curvature 
at different excimer laser ablative depths (let- 
ter), 382 


AUTHOR INDEX xxiii 


LOGGIE, J. M. H.: See DANIELS, S. R., 205 

LOPRESTI, J. A.: See DUGEL, P. U., 118 

LOTT, M. T.: See NEWMAN, N. J., 750 

LOWDER, C. Y.: See FOSTER, R. E., 673 

LYLE, W. A., and JIN, J. C.: Comparison of a 3- and 6- 
mm incision in combined phacoemulsification 
and trabeculectomy, 189 

LYNN, M. J.: See WARING, G. O., HI, 133 

LYON, D. B.: See GONNERING, R. $., 152 


M 


MACHEMER, R.: See ZILIS, J. D., 47 
MACKENZIE, D.: See WILES, S. B., 184 


MACRAE, S. M., HERMAN, C., STULTING, R. D, 
LIPPMAN, R, WHIPPLE, D.. COHEN, E, 
EGAN, D., WILKINSON, C. P., SCOTT, C., 
SMITH, R. E., and PHILLIPS, D.: Corneal ulcer 
and adverse reaction rates in premarket contact 
lens studies, 457; correction, 792 


MACRAE, S. M.: See RUBINFELD, R. S., 252 


MADER, T. H., and STULTING, R. D.: Keratoconjunc- 
tivitis sicca caused by diphenoxylate hydro- 
chloride with atropine sulfate (Lomotil) (let- 
ter), 377 


MANNIS, M. J.: Atlas of Ophthalmic Surgery, by 
Jaffe, N.S. (book review), 385 

MANNIS, M. J., PLOTNIK, R. D., SCHWAB, I. R., and 
NEWTON, R. D.: Herpes simplex dendritic ker- 
atitis after keratoplasty, 480 


MANSOUR, A. M. and CHAN, C.-C.: Recurrent uve- 
itis preceded by swelling of skin tattoos (let- 
ter), 515 


MAO, L. K., STEWART, W. C. and SHIELDS, M. B.: 
Correlation between intraocular pressure con- 
trol and progressive glaucomatous damage in 
primary open-angle glaucoma, 51 


MARDELLI, P. G.: See BLOOM, J. N., 548 
MARGO, C. E.: See LESSNER, A., 521 


MARTIN, T. J: Handbook of Ocular Drug Therapy 
and Ocular Side Effects of Systemic Drugs, by 
Pavan-Langston, D., and Dunkel, E. C. (book 
review), 259 


MARTIN-BOGLIND, L. M., GRAVES, A., and 
WANGER, P.: The effect of topical antiglau- 
coma drugs on the results of high-pass resolu- 
tion perimetry, 711 


MASSEY, M.: See KUHN, F., 42 

MATOBA, A.: See CHODOSH, J., 520 

McCCUEN, B. W. II: See HANNEKEN, A. 271 
McDONALD, M. B.: See WARING, G. O., HI 133 
MCDONNELL, P. J.: See LITWIN, K. L., 382 


MEDWAY, D. C., DONZIS, D. M., and DONZIS, P. B.: 
Ketoprofen in the treatment of scleritis (letter), 
249 


xxiv AMERICAN JOURNAL OF OPHTHALMOLOGY 


MEIN, C. E., and FLYNN, H. W. JR.: Recognition and 
removal of the posterior cortical vitreous dur- 
ing vitreoretinal surgery for impending macu- 
lar hole, 611 

MEIUSI, R. S., CAMERON, J. D, HOLLAND, E. J., and 
SUMMERS, C. G.: Discoid lupus erythematosus 
of the eyelid complicated by wound dehis- 
cence (letter), 108 

MELAMED, S., CAHANE, M., GUTMAN, L., and BLU- 
MENTHAL, M.: Postoperative complications 
after Molteno implant surgery, 319 

MELAMED, S.: See BARTOV, E., 501 

MEYER, R. F.: See MUSCH, D. C., 739 

MEYERS, S. M.: See FOSTER, R. E., 673 

MICHELS, R. G.: See CHERFAN, G. M., 434 

MILLER, J. A.: See HAIMANN, M. H., 656 


MILLER, K. N., BLASINI, M., SHIELDS, M. B., and 
HO, C.-H.: A comparison of total and partial 
tenonectomy with trabeculectomy, 323 


MILLER, N. R.: See GOLNIK, K. C., 566 

MONDINO, B. J.: See BERGER, S. T., 257 

MOREIRA, H.: See LITWIN, K. L., 382 

MORIER, A.: See CASTRONUOVO, S., 419 

MORRIS, R.: See KUHN, F., 42 

MOSTER, M.: See BOSLEY, T. M., 413 

MUNDEN, P. M., CARTER, K. D., and NERAD, J. A.: 
The oculocardiac reflex during enucleation 
(letter), 378 

MUNDEN, P. M., KARDON, R. H. DENISON, C. E., 
and CARTER, K. D.: Palpebral fissure respons- 
es to topical adrenergic drugs, 706 

MUSCH, D. C., SCHWARTZ, A. E., FITZGERALD- 
SHELTON, K., SUGAR, A., and MEYER, R. F.: 
The effect of allograft rejection after penetrat- 
ing keratoplasty on central endothelial cell 
density, 739 

MYERS, W. D.: See WARING, G. O., IH, 133 


N 


NARDI, M.: The gradient filter test to assess ambly- 
opia (correspondence), 119 

NAUMANN, G. O. H.: See KUCHLE, M., 230 

NAUMANN, G. O. H.: See LANG, G. E., 243 

NAVEH, N.: See BARTOV, E., 501 

NELSON, L. B.: See REYNOLDS, R. D., 371 

NERAD, J. A.: See MUNDEN, P. M., 378 

NEUHAUS, R. W.: Increased intraocular pressure in 
severely burned patients (correspondence), 
657 

NEWELL, F. W.: The History of Ophthalmology, vol. 
9. The First and Second Half of the Nineteenth 
Century, by Hirschberg, J. (book review), 779 

NEWELL, F. W.: Style. Toward Clarity and Grace, by 
Williams, J. M. (book review), 389 

NEWMAN, N. J., LOTT, M. T., and WALLACE, D. C.: 
The clinical characteristics of pedigrees of Le- 
ber’s hereditary optic neuropathy with the 
11778 mutation, 750 


JUNE , 1991 


NEWMAN, N. M.: Retinal Nerve Fiber Layer Photog- 
raphy, by Roloff, L. W. (book review), 387 

NEWTON, R. D.: See MANNIS, M. J., 480 

NICKEL, B. L.: See GOOD, W. V., 555 

NODA, S.: See HAYASAKA, S., 379 

NORDMANN, J-P, RONCIN, J.-P., DENIS, P., 
BLEIN, J.-P., and SARAUX, H.: Contrast sensi- 
tivity as an early indicator of acute mountain 
sickness (letter), 651 

NORMAN, D.: See RAYMOND, W. R, IV, 633 

NUCCI, P., and BRANCATO, R: Keratoconus and 
congenital hip dysplasia (tetter), 775 

NUSSENBLATT, R. B.: See ENGSTROM, R. E., JR., 601 


O 


OAKES, W. J.: See BRUGGERS, C. S., 719 
O'BRIEN, C., SCHWARTZ, B., TAKAMOTO, T., and 
WU, D. C.: Intraocular pressure and the rate of 


visual field loss in chronic open-angle glauco- 
ma, 491 


OBSTBAUM, S. A.: See WARING, G. O., IMI, 133 


O’DAY, D. M.: Ocular Microbiology and Immunology 
Group—24th Annual Meeting, 391 

OGINO, N.: See OGURA, Y., 179 

O'GRADY, R. B.: See SACKS, R. D., 430 

OGURA, Y. TAKANASHL T., ISHIGOOKA, H., and 
OGINO, N.: Quantitative analysis of lens 
changes after vitrectomy by fluorophotometry, 
179 


OHADSL C.: See LITWIN, K. L., 382 
O'HARA, M.: See HACKER, H. D., 110 
OHASHI, Y.: See KINOSHITA, $., 307 
O'LEARY, M. J.: See DELUISE, V. P., 244 


P 


PACH, J. M, HERMAN, D. C., GARRITY, J. A., and 
KALINA, P. H: Disk neovascularization in 
chronic anterior uveitis (letter), 241 

PACKER, S.: See FASTENBERG, D. M., 121 

PACKER, S.: See FINGER, P. T., 240 

PAGLIONE, R. W.: See FINGER, P. T., 240 

PALESTINE, A. G., and FRISHBERG, B.: Macular ede- 
ma in acquired immunodeficiency syndro- 
me-related microvasculopathy, 770 


PANEK, W. C, LEE, D. A., and CHRISTENSEN, R. E.: 
The effects of Nd:YAG laser iridotomy on the 
corneal endothelium, 505 

PAPPA, K. S.: See LEGUIRE, L. E., 427 

PARK, J. K.: See TRIPATHL R. C., 247 

PARKER, J. A.: See JACOBSON, S. G., 446 


PATIPA, M.: Cosmetic Blepharoplasty, by Bosniak, 5. 
L. (book review), 778 


PATRINELY, J. R.: See CRUZ, O. A., 703 
PAVILACK, M. A.: See ELNER, S. G. 84 


PEARSON, P. A.. SOLOMON, K. D., SMITH, T. J., and 
EPSTEIN, A. D.: Contralateral cavernous sinus 
syndrome after retrobulbar anesthetic injec- 
tion (letter), 773 


Vol. 111, No. 6 


PEARSON, W. N.: See WIZNIA, R. A., 104 


PERELL, H.: Angle-Closure Glaucoma, by Hyams, S. 
(book review), 385 


PERUSSE, P.: See WEISS, J. S., 648 


PEYMAN, G. A.: Vitrectomy retinotomy aspiration 
biopsy of choroidal tumors (correspondence), 
121 


PFEIFFER, N., and KOMMERELL, G.: Sector palsy of 
the sphincter pupillae muscle after argon laser 
trabeculoplasty (letter), 511 


PFLUGFELDER, S. C.: See FOX, G. M., 163, 656 
PHILLIPS, D.: See MACRAE, S. M., 792 
PHILLIPS, P. C.: See BRUGGERS, C. S., 719 
PLOTNIK, R. D.: See MANNIS, M. J., 480 


PORTNOY, S. L., ARFFA, R. C., JOHNSON, B. L., and 
TERNER, I. S.: Metastatic renal cell carcinoma 
of the iris manifesting as an intrastromal iris 
cyst (letter), 113 


PRAGER, T. C.: See ARMESTO, D. M., 407 
PRAGER, T. C.: See GOOSEY, J. D., 145 
PRAGER, T. C.: See HOLLADAY, J. T., 372 


PROSPECTIVE EVALUATION OF RADIAL KERA- 
TOTOMY STUDY GROUP, THE: See WAR- 
ING, G. O., HI, 133 


PROTZKO, E. E.: See RAYMOND, W. R. IV, 633 
PRUETT, R. C.: See CELORIO, J. M., 20 
PRUETT, R. C.: See WU, G., 294 


PRUM, B. E., JIR, SHIELDS, S. R, SHIELDS, M. B., 
HICKINGBOTHAM, D., and CHANDLER, D. 
B.: In vitro videographic comparison of argon 
and Nd:YAG laser iridotomy, 589 


Q 


QUARANTA, L.: See TRIPATHL R. C., 247 


R 


RAMAKRISHNAN, M.: See FICKER, L., 473 

RAMOCKL, J. M.: See SPOOR, T. C., 724 

RAO, N. A.: See DUGEL, P. U., 118 

RAO, N. A.: See FORSTER, D. J., 256, 380 

RAYMOND, W. R, IV, CHAR, D. H., NORMAN, D., 
and PROTZKO, E. E.: Magnetic resonance im- 
aging evaluation of uveal tumors, 633 

REALE, F.: See WEISS, J. S., 648 

REID, T. K.: See TESKE, M. P., 522 

REINECKE, R. D.: See GOTTLOB, I., 71, 658 

REIVICH, M.: See BOSLEY, T. M., 413 

RESNICK, S. C.: See LEWIS, H., 197 

REYNA, G. S.: See CRUZ, O. A., 703 

REYNOLDS, R. D., NELSON, L. B., and GREEN- 
WALD, M. J.: Large refractive change after stra- 
bismus surgery (letter), 371 

ROBIN, A. L.: See DIEHL, D. L. C., 351 

RODRIGUEZ, F. J., LEWIS, H., KREIGER, A. E., YO- 
SHIZUMI, M. O., and SIDIKARO, Y.: Scleral 
buckling for rhegmatogenous retinal detach- 
ment associated with severe myopia, 595 


AUTHOR INDEX XXV 


ROGERS, G. L.: See LEGUIRE, L. E., 427 
ROGERS, G. L.: See SAUNDERS, R. A., 658 
ROHRBACH, J. M.: See STEUHL, K.-P., 312 
ROMAN, A. J.: See JACOBSON, S. G., 446 
ROMAN, M. I.: See JACOBSON, S. G., 446 
RONCIN, J.-P.: See NORDMANN, J.-P. 651 
RONDEAU, M. J.: See SILVERMAN, R. H., 327 
ROSEN, C. E.: See SLAMOVITS, T. L., 209 
ROSENBLATT, M.: See TEICH, S. A., 118 
ROSENBLUM, J. L.: See BERGER, A. S., 774 
ROSNER, B.: See BERSON, E. L., 614 
ROUSSEL, T. J.: See FOX, G. M., 163, 656 
ROWSEY, J. J.: See WARING, G. O., IIL, 133 
ROZENBAUM, D.: See KREMER, L, 375 


RUBINFELD, R. S., MACRAE, S. M., and LAIBSON, P. 
R.: Successful treatment of recurrent corneal 
erosion with Nd:YAG anterior stromal punc- 
ture (correspondence), 252 


RUIZ, R. S., and SAATCI, O. A.: Extracapsular cataract 
extraction with intraocular lens implantation 
after scleral buckling surgery, 174 


RUIZ, R. S., and SAATCI, O. A.: Posterior chamber 
intraocular lens implantation in eyes with in- 
active and active proliferative diabetic retinop- 
athy, 158 


RYAN, S. J.: Michels, Ronald G. 1943-1991 (obituary), 
661 


S 


SAATCI, O. A.: See RUIZ, R. S., 158, 174 


SABATES, F. N., JR, TSAL F., SABATES, N. R., and 
BLITSTEIN, B.: Transient cranial nerve palsies 
after cavernous sinus fistula embolization (let- 
ter), 771 


SABATES, N. R.: See SABATES, F. N., JR, 771 


SACKS, R. D., STOCK, E. L, CRAWFORD, 5. E, 
GREENWALD, M. J., and O'GRADY, R. B.: 
Scleritis and Wegener's granulomatosis in chil- 
dren, 430 


SANDBERG, M. A.: See BERSON, E. L., 614 
SANDERSON, J. C.: See GOOSEY, J. D., 145 
SARAUX, H.: See NORDMANN, J.-P., 651 
SATTLER, F.: See DUGEL, P. U., 118 


SAUNDERS, R. A., and ROGERS, G. L.: Surgical man- 
agement of oculomotor nerve palsy (corre- 
spondence), 658 


SAVINO, P. J.: See BOSLEY, T. M., 413 
SCHANZLIN, D. J.: See KINCAID, M. C., 374 
SCHÖNHERR, U.: See LANG, G. E., 243 


SCHWAB, I. R: The epidemiologic association of 
Fuchs’ heterochromic iridocyclitis and ocular 
toxoplasmosis, 356 


SCHWAB, L R.: See MANNIS, M. J. 480 
SCHWARTZ, A. E.: See MUSCH, D. C., 739 
SCHWARTZ, B.: See O'BRIEN, C., 491 
SCOTT, C.: See MACRAE, S. M., 792 


xxvi AMERICAN JOURNAL OF OPHTHALMOLOGY 


SEAL, D.: See FICKER, L., 473 

SEN, A. K.: See BHALLA, J. S., 114 

SERGOTT, R. C.: See BOSLEY, T. M., 413 

SETOGAWA, T.: See HAYASAKA, S., 379 

SHAKIN, E. P.: See DUKER, J. S., 255 

SHARMA, Y. R.: See VAJPAYEE, R. B, 715 

SHIELDS, C. L., SHIELDS, J. A., EAGLE, R. C., JR., and 
DE POTTER, P.: Histopathologic evidence of 
fibrovascular ingrowth four weeks after place- 
ment of the hydroxyapatite orbital implant, 
363 

SHIELDS, J. A.: See SHIELDS, C. L., 353 

SHIELDS, M. B.: See MAO, L. K. 51 

SHIELDS, M. B.: See MILLER, K. N., 323 

SHIELDS, M. B.: See PRUM, B. E., JR., 589 

SHIELDS, M. B.: See WILKERSON, M., 105 

SHIELDS, S. R.: See PRUM, B. E., JR., 589 

SHIN, D. H.: See ZEITER, J. H., 581 

SIDIKARO, Y.: See RODRIGUEZ, F. J.. 595 

SILVERMAN, R. H., VOGELSANG, B., RONDEAU, 
M. J., and COLEMAN, D. J.: Therapeutic ultra- 
sound for the treatment of glaucoma, 327 

SIMON, J. W.: See CASTRONUOVO, 5., 419 

SLAMOVITS, T. L., ROSEN, C. E., CHENG, K. P., and 
STRIPH, G. G.: Visual recovery in patients with 
optic neuritis and visual loss to no light percep- 
tion, 209 

SLUSHER, M. M.: See GREVEN, C. M.. 103 

SMITH, R. E.: See MACRAE, S. M., 792 

SMITH, R. E.: See WARING, G. O., II, 133 

SMITH, T. J.: See PEARSON, P. A., 772 

SMOLIN, G.: See UPADHYAY, M. P., 92 

SNYDER, J. W.: See BOWE, B. E., 686 

SOLOMON, K. D.: See PEARSON, P. A., 773 

SPAETH, G. L.: Anisocoria in the pigmentary disper- 
sion syndrome (correspondence), 384 

SPECTOR, R. H.: Echographic diagnosis of dural ca- 
rotid-cavernous sinus fistulas, 77 

SPIERER, A., DESATNIK, H., and BARISHAK, Y. R.: 
Aberrant extraocular fibrous band as a cause of 
strabismus (letter), 370 

SPOOR, T. C., HARTEL, W. C., LENSINK, D. B., and 
WILKINSON, M. J.: Treatment of traumatic op- 
tic neuropathy with corticosteroids—correc- 
tion (correspondence), 526 

SPOOR, T. C., WILKINSON, M. J., and RAMOCKI, J. 
M.: Optic nerve sheath decompression for the 
treatment of progressive nonarteritic ischemic 
optic neuropathy, 724 

STEINSAPIR, K.: See TRIPATHI, R. C., 247 

STERN, G. A.: See DRIEBE, W. T., JR., 256 

STEUHL, K.-P., KNORR, M., ROHRBACH, J. M, 
LISCH, W., KAISERLING, E., anc THIEL, H.-J.: 
Paraproteinemic corneal deposits in plasma 
cell myeloma, 312 

STEWART, W. C.: See MAO, L. K., 51 


JUNE , 1991 


STOCK, E. L.: See SACKS, R. D., 430 
STRAATSMA, B. R.: See LEWIS, H., 197 
STRAHLMAN, E. R.: See WARING, G. O., TEL 133 
STRIPH, G. G.: See SLAMOVITS, T. L., 209 
STULTING, R. D.: See MACRAE, S. M., 792 
STULTING, R. D.: See MADER, T. H., 377 
SUGAR, A.: See MUSCHI, D. C., 739 


SUGIN, S. L., HENDERLY, D. E., FRIEDMAN, S. M, 
JAMPOL, L. M., and DOYLE, J. W.: Unilateral 
frosted branch angiitis, 682 


SUMMERS, C. G.: See MEIUSL R. S., 108 
SWARTZ, M.: See TESKE, M. P., 522 


T 


TAKAI, S.: See KINOSHITA, S., 307 

TAKAMOTO, T.: See O'BRIEN, C., 491 
TAKANASHI, T.: See OGURA, Y., 179 

TANAKA, F.: See KINOSHITA, S., 307 
TANNENBAUM, M. H.: See ZAGELBAUM, B. M., 248 
TAYLOR, H. R.: See ADAMSONS, L, 65 

TAYLOR, K. I: See ADAMSONS, I., 65 


TEICH, S. A., ROSENBLATT, M., and FRIEDMAN, A. 
H.: Pneumocystis carinii choroiditis after long- 
term aerosolized pentamidine therapy (corre- 
spondence), 118 

TERNER, I. S.: See PORTNOY, S. L., 113 

TESKE, M. P., REID, T. K, TWEETEN, J. P. and 
SWARTZ, M.: Ichthyosis and crystalline macu- 
lopathy (letter), 522 


THIEL, H.-J.: See STEUHL, K.-P., 312 


THOMAS, M.A.,and KAPLAN, H. J.: Surgical remov- 
al of subfoveal neovascularization in the pre- 
sumed ocular histoplasmosis syndrome, 1 


THOMPSON, H. S.: Laser Surgery of the Posterior 
Segment, by Bloom, S. M., and Brucker, A. J. 
(book review), 388 


THOMPSON, H. S.: See BURDE, R. M., 100 


THOMPSON, P.: Visual Allusions. Pictures of Percep- 
tion, by Wade, N. (book review), 386 


TIEDEMAN, J. S.: A physical analysis of the factors 
that determine the contour of the iris, 338 


TITTYAL, J. S.: See VAJPAYEE, R. B., 715 
TOWNSHEND, L. M.: See BUCKLEY, E. G., 302 
TREISTER, G.: See BARTOV, E., 501 
TRIPATHI, B. J.: See TRIPATHI, R. C., 247 


TRIPATHI, R. C., TRIPATHI, B. J., PARK, J. K., QUAR- 
ANTA, L., STEINSAPIR, K., LEHMAN, E., and 
ERNEST, J. T.: Intracameral tissue plasminogen 
activator for resolution of fibrin clots after 
glaucoma filtering procedures (letter), 247 


TSAL, F.: See SABATES, F. N., JR., 771 
TSAL J. C.: See ASSIA, E. I., 628 


Vol. 111, No. 6 


TSO, P. C.: See DREHER, A. W., 221 

TSUBOTA, K.: The importance of the Schirmer test 
with nasal stimulation (letter), 106 

TUFT, S. J.: See DAVISON, C. R., 690 

TULADHAR, N. R.: See UPADHYAY, M. P., 92 

TUULONEN, A., and AIRAKSINEN, P. J.: Initial glau- 


comatous optic disk and retinal nerve fiber lay- 
er abnormalities and their progression, 485 


TWEETEN, J. P.: See TESKE, M. P., 522 
TYCHSEN, L.: See BERGER, A. S., 774 


U 


UPADHYAY, M. P., KARMACHARYA, P. C. D, 
KOIRALA, S., TULADHAR, N. R., BRYAN, L. 
E., SMOLIN, G., and WHITCHER, J. P.: Epide- 
miologic characteristics, predisposing factors, 
and etiologic diagnosis of corneal ulceration in 
Nepal, 92 


V 


VAJPAYEE, R. B, ANGRA, S. K., TITIYAL, J. S. 
SHARMA, Y. R., and CHABBRA, V. K.: Pseudo- 
phakic pupillary-block glaucoma in children, 
715 


VAN DEN BERG, W.: See VERBRAAK, F. D., 111 

VAN LANGENHOVE, L.: See DE KEYSER, J., 516 

VAN NOUHUYS, C. E.: Signs, complications, and 
platelet aggregation in familial exudative vi- 
treoretinopathy, 34 


VASHISHT, S.: See BHALLA, J. S., 114 

VERBRAAK, F. D., VAN DEN BERG, W, and BOS, P. J. 
M.: Retinal pigment epitheliopathy in acute 
leukemia (letter), 111 

VOGELSANG, B.: See SILVERMAN, R. H., 327 

VON NOORDEN, G. K.: In defense of animal research 
(editorial), 367 

VON WEYMARN, C.: See DE POTTER, P., 276 


W 


WALL, M.: Clinical Tests of Vision, by Frisén, L. (book 
review), 386 

WALLACE, D. C.: See NEWMAN, N. J., 750 

WAND, M.: See DIEHL, D. L. C., 351 

WANGER, P.: See MARTIN-BOGLIND, L. M., 711 

WARING, G. O., HIL, LYNN, M. J., STRAHLMAN, E. 
R., KUTNER, M. H., CULBERTSON, W., LAIB- 
SON, P. R., LINDSTROM, R. D., MCDONALD, 
M. B., MYERS, W. D., OBSTBAUM, S. A., ROW- 
SEY, J. J, SMITH, R. E., and PROSPECTIVE 
EVALUATION OF RADIAL KERATOTOMY 
STUDY GROUP, THE: Stability of refraction 
during four years after radial keratotomy in the 
Prospective Evaluation of Radial Keratotomy 
Study, 133 


WATTS, L. E.: See GREVEN, C. M., 103 
WEAVER, R. G.: See GREVEN, C. M., 103 
WEIGEL-DIFRANCO, C.: See BERSON, E. L., 614 


AUTHOR INDEX XXV) 


+ 


pte 


WEINREB, R. N.: See DREHER, A. W., 221 


WEINSTEIN, J.: Thyroid Eye Disease, ed. 2, by Char, 
D. H. (book review), 122 


WEISS, H.: See HAIMANN, M. H., 656 


WEISS, J. S., PERUSSE, P., and REALE, F.: Tear cytol- 
ogy in conjunctival melanoma (letter), 648 


WELEBER, R. G.: See WILSON, D. J., 24 
WHIPPLE, D.: See MACRAE, S. M., 792 


WHITACRE, M. M., EMIG, M., and HASSANEIN, K.: 
The effect of Perkins, Tono-Pen, and Schiétz 
tonometry on intraocular pressure, 59 


WHITCHER, J. P.: See UPADHYAY, M. P. 92 


WHITE, W. L., and HOLLSTEN, D. A.: A new instru- 
ment for use in evisceration (letter), 115 


WIEK, J.: See HANSEN, L. L., 525 
WIENER, M. D.: See BRUGGERS, C. S., 719 


WILES, S. B., and IDE, C. H.: Clostridium perfringens 
endophthalmitis (letter), 654 


WILES, S. B., MACKENZIE, D., and IDE, C. H.: Control 
of intraocular pressure with apraclonidine hy- 
drochloride after cataract extraction, 184 


WILHELMUS, K. R., HAMILL, M. B., and JONES, D. 
B.: Varicella disciform stromal keratitis, 575 


WILKERSON, M., LEWIS, R. A., and SHIELDS, M. B.: 
Follicular conjunctivitis associated with apra- 
clonidine (letter), 105 


WILKINSON, C. P.: See MACRAE, S. M., 792 
WILKINSON, M. J.: See SPOOR, T. C., 526, 724 


WILSON, D. J., WELEBER, R. G., and GREEN, W. R.: 
Ocular clinicopathologic study of gyrate atro- 
phy, 24 


WILSON, 5. E.: Lacrimal gland epidermal growth fac- 
tor production and the ocular surface, 763 


WINTER, F. C.: Eye Diseases in Hot Climates, ed. 2, by 
Sandford-Smith, J. (book review), 259 


WITKOP, C. J.: See CASTRONUOVO, S., 419 


WIZNIA, R. A. and PEARSON, W. N.: Use of trans- 
esophageal echocardiography for detection of 
a likely source of embolization to the central 
retinal artery (letter), 104 


WOLF, B.: See CASTRONUOVO, S., 419 
WRIGHT, M. M.: See ANDERSON, D. R., 344 
WRIGHT, P.: See FICKER, L., 473 

WU, D. C.: See O'BRIEN, C., 491 


WU, G., PRUETT, R. C., BALDINGER, J., and HIROSE, 
T.: Hereditary hemorrhagic macular dystro- 
phy, 294 


WU, Y. H.: See LIN, C. P., 251 


xxviii AMERICAN JOURNAL OF OPHTHALMOLOGY JUNE , 1991 


Y 


YOSHIZUMI, M. O.: See RODRIGUEZ, F. J., 595 
YUE, B. Y. J. T.: See ELNER, S. G., 84 
Z 
ZAGELBAUM, B. M., TANNENBAUM, M. H, and 
HERSH, P. S.: Candida albicans corneal ulcer as- 
sociated with crack cocaine (letter), 248 


ZEITER, J. H., SHIN, D. H. and BAEK, N. H.: Visual 
field defects in diabetic patients with primary 
open-angle glaucoma, 581 

ZILIS, J. D., and MACHEMER, R.: Light damage in 
detached retina, 47 

ZIMMERMAN, R.: See BOSLEY, T. M., 413 

ZOGRAFOS, L.: See DE POTTER, P., 276 


ABSTRACT INDEX 


A 
Acanthamoeba sp. 
In vivo and in vitro collagenolytic activity of 
Acanthamoeba castellanit, 530 


Acetazolamide 
Acetazolamide-associated aplastic anemia, 789 


Long-term effect of acetazolamide in a patient with 
retinitis pigmentosa, 267 


Acquired immunodeficiency syndrome 
A controlled trial of early adjunctive treatment with 
corticosteroids for Pneumocystis carinii pneumo- 
nia in the acquired immunodeficiency syn- 
drome, 531 


Extracorporeal photopheresis in the treatment of 
AIDS-related complex. A pilot study, 396 


Alcoholism 
Population and pedigree studies reveal a lack of 
association between the dopamine D, receptor 
gene and alcoholism, 667 


Aldose reductase 
A randomized trial of sorbinil, an aldose reductase 
inhibitor, in diabetic retinopathy, 261 


Allergy 
Reduced allergen-induced nasal congestion and 
leukotriene synthesis with an orally active 5- 
lipoxygenase inhibitor, 668 


Amblyopia 
A longitudinal study of a population based sample 
of astigmatic children. 1. Refraction and am- 
blyopia, 129 


Visual impairment in a rural Appalachian commu- 
nity. Prevalence and causes, 400 


Amniocentesis 
Ophthalmic complications of amniocentesis, 790 


Anemia 
Acetazolamide-associated aplastic anemia, 789 


Aniridia 
A mouse model of the aniridia-Wilms tumor dele- 
tion syndrome, 397 


Antibody 
Antibodies to Epstein-Barr virus in iridocorneal en- 
dothelial syndrome, 530 


Antigen 
Spontaneous inflammatory disease in transgenic 
rats expressing HLA-B27 and human ĝm. An 
animal model of HLA-B27-associated human 
disorders, 787 


Aspergillus sp. 
Synthetic analogues of fumagillin that inhibit an- 
giogenesis and suppress tumor growth, 534 
Aspirin 
European stroke prevention study, 396 
Astigmatism 
A longitudinal study of a population based sample 
of astigmatic children. 1. Refraction and am- 
blyopia, 129 
Atherosclerosis 
Regression of coronary artery disease as a result of 
intensive lipid-lowering therapy in men with 
high levels of apolipoprotein B, 401 


B 


Beta-blocker 
Topical timolol decreases plasma high-density lipo- 
protein cholesterol level, 262 


Blepharospasm 
Saccadic eye movements in essential blepharo- 
spasm, 126 


C 


Caffeine 
Coffee, caffeine, and cardiovascular disease in men, 
263 


Cancer 
Cell proliferation in carcinogenesis, 264 
Overall mortality and cancer mortality around 
French nuclear sites, 401 


Relation of meat, fat, and fiber intake to the risk of 
colon cancer in a prospective study among 
women, 531 


Candida sp. 

A randomized, double-blind trial of nystatin thera- 
py for the candidiasis hypersensitivity syn- 
drome, 667 

Capsulotomy 

Displacement of bag-placed hydrogel lenses into 
the vitreous following neodymium:YAG laser 
capsulotomy, 124 

Cardiovascular effects 

Coffee, caffeine, and cardiovascular disease in men, 

263 
Carotid artery 

Carotid endarterectomy for chronic retinal isch- 

emia, 784 
Cataract 

Delayed eye and other consequences from exposure 
to methyl isocyanate. 93% follow up of exposed 
and unexposed cohorts in Bhopal, 130 

Effect of a resutured iridotomy on glare disability in 
glaucoma patients having cataract surgery, 788 


XXİX 


XXX AMERICAN JOURNAL OF OPHTHALMOLOGY 


Epidemiologic evidence of a role for the antioxi- 
dant vitamins and carotenoids in cataract pre- 
vention, 664 


A possible role for vitamins C and E in cataract 
prevention, 664 


Randomized single blind trial to compare the toxic- 
ity of subconjunctival gentamicin and cefurox- 
ime in cataract surgery, 664 


Visual impairment in a rural Appalachian commu- 
nity. Prevalence and causes, 400 


Cefuroxime 
Randomized single blind trial to compare the toxic- 
ity of subconjunctival gentamicin and cefurox- 
ime in cataract surgery, 664 


Central nervous system 
Central nervous system involvement in Von Hip- 
pel-Lindau disease, 783 


Cerebrovascular disease 
Cerebrovascular complications of the use of the 
“crack” form of alkaloidal cocaine, 263 


Children 
A longitudinal study of children with a family his- 
tory of strabismus. Factors determining the in- 
cidence of strabismus, 397 


A randomized, prospective field trial of a conjugate 
vaccine in the protection of infants and young 
children against invasive Haemophilus influen- 
zae type b disease, 533 


Use of high dose chloral hydrate for ophthalmic 
exams in children. A retrospective review of 
302 cases, 533 


Chloral hydrate 
Use of high dose chloral hydrate for ophthalmic 
exams in children. A retrospective review of 
302 cases, 533 


Cholesterol 
The human lens after 48 weeks of treatment with 
lovastatin, 125 


Topical timolol decreases plasma high-density lipo- 
protein cholesterol level, 262 


Choroideremia 
Cloning of a gene that is rearranged in patients 
with choroideraemia, 124 


Cocaine 
Cerebrovascular complications of the use of the 
“crack” form of alkaloidal cocaine, 263 


Collagen 
Epikeratoplasty technique without suture using 
human collagen type IV lenticules. Experimen- 
tal study on monkey, 262 


In vivo and in vitro collagenolytic activity of 
Acanthamoeba castellanti, 530 


Congenital disorders 
Maternal outcome after open fetal surgery. A re- 
view of the first 17 human cases, 787 


What is known about the prevention of congenital 
toxoplasmosis?, 396 


JUNE, 1991 
Conjunctiva 
Staining of the conjunctiva and conjunctival tear 
film, 129 


Contact lens 
Contact lens surface deposits increase the adhesion 
of Pseudomonas aeruginosa, 262 


Contrast sensitivity 
Peripheral contrast sensitivity in glaucoma and oc- 
ular hypertension, 666 


Cornea 
Epikeratoplasty technique without suture using 
human collagen type IV lenticules. Experimen- 
tal study on monkey, 262 


Laser-induced occlusion of corneal blood vessels 
with variable emission and absorption, 399 


Coronary artery 
Regression of coronary artery disease as a result of 
intensive lipid-lowering therapy in men with 
high levels of apolipoprotein B, 401 


Corticosteroid 
A controlled trial of early adjunctive treatment with 
corticosteroids for Pneumocystis carinii pneumo- 
nia in the acquired immunodeficiency syn- 
drome, 531 


Cryotherapy 
Multicenter trial of cryotherapy for retinopathy of 
prematurity. One-year outcome. Structure and 
function, 402 


D 
Diabetes 
Biometry of the crystalline lens in early-onset dia- 
betes, 398 


Induction of donor-specific unresponsiveness by 
intrathymic islet transplantation, 264 


Plasma prorenin activity and complications in chil- 
dren with insulin-dependent diabetes melli- 
tus, 261 


A prospective study of the development of diabetes 
in relatives of patients with insulin-dependent 
diabetes, 126 


Slow glucose removal rate and hyperinsulinemia 
precede the development of type II diabetes in 
the offspring of diabetic parents, 528 


Diabetic retinopathy 
Central visual field changes after panretinal photo- 
coagulation in proliferative diabetic retinopa- 
thy, 261 


Comparison of non-mydriatic retinal photography 
with ophthalmoscopy in 2159 patients. Mobile 
retinal camera study, 669 


Fifteen-year argon laser and xenon photocoagula- 
tion results of Bascom Palmer Eye Institute’s 
patients participating in the Diabetic Retinopa- 
thy Study, 789 


A randomized trial of sorbinil, an aldose reductase 
inhibitor, in diabetic retinopathy, 261 


Vol. 111, No. 6 


Ticlopidine treatment reduces the progression of 
nonproliferative diabetic retinopathy, 528 


Diclofenac 
Diclofenac-associated hepatotoxicity, 532 
Dioxin 
Health status of Air Force veterans occupationally 
exposed to herbicides in Vietnam. I. Physical 
health, 265 


Health status of Air Force veterans occupationally 
exposed to herbicides in Vietnam. II. Mortality, 
265 


Dipyridamole 
European stroke prevention study, 396 
Dopamine 
Population and pedigree studies reveal a lack of 
association between the dopamine D; receptor 
gene and alcoholism, 667 


Drusen 
Relationship of drusen and abnormalities of the 
retinal pigment epithelium to the prognosis of 
neovascular macular degeneration, 403 


E 


Edema 
Zidovudine-induced macular edema, 789 


Environmental illness 
Environmental illness. A controlled study of 28 
subjects with “20th century disease”, 667 


Enzyme 
In vivo and in vitro collagenolytic activity of 
Acanthamoeba castellanit, 530 


Epikeratophakia 
Epikeratoplasty technique without suture using 
human collagen type IV lenticules. Experimen- 
tal study on monkey, 262 


Epikeratoplasty 
Epikeratoplasty technique without suture using 
human collagen type IV lenticules. Experimen- 
tal study on monkey, 262 


Epstein-Barr virus 
Antibodies to Epstein-Barr virus in iridocorneal en- 
dothelial syndrome, 530 


Three cases of EB virus-associated uveitis, 402 


Esotropia 
A longitudinal study of children with a family his- 
tory of strabismus. Factors determining the in- 
cidence of strabismus, 397 


Extraocular muscle 
Significance of cytotoxic eye muscle antibodies in 
patients with thyroid-associated ophthalmopa- 
thy, 669 


Why are eye muscles frequently involved in myas- 
thenia gravis?, 529 
Eyelid 
Delayed eye and other consequences from exposure 
to methyl isocyanate. 93% follow up of exposed 
and unexposed cohorts in Bhopal, 130 


ABSTRACT INDEX XXXi 


F 
Fibroblast growth factor 
Photoreceptor degeneration in inherited retinal 
dystrophy delayed by basic fibroblast growth 
factor, 266 


Filtering surgery 
Subconjunctival THC:YAG laser limbal scleros- 
tomy ab externo in the rabbit, 125 


Fluorescein angiography 
Ticlopidine treatment reduces the progression of 
nonproliferative diabetic retinopathy, 528 


Fuchs’ dystrophy 
The association of Fuchs’s corneal endothelial dys- 
trophy with axial hypermetropia, shallow an- 
terior chamber, and angle closure glaucoma, 
398 


G 


Genetics 
Cloning of a gene that is rearranged in patients 
with choroideraemia, 124 


A mouse model of the aniridia-Wilms tumor dele- 
tion syndrome, 397 


Mutations within the rhodopsin gene in patients 
with autosomal dominant retinitis pigmentosa, 
397 


Retinal degeneration in the rd mouse is caused by a 
defect in the 8 subunit of rod cGMP-phospho- 
diesterase, 124 


Spontaneous inflammatory disease in transgenic 
rats expressing HLA-B27 and human ĝm. An 
animal model of HLA-B27-associated human 
disorders, 787 


Gentamicin 
Randomized single blind trial to compare the toxic- 
ity of subconjunctival gentamicin and cefurox- 
ime in cataract surgery, 664 


Glare 
Effect of a resutured iridotomy on glare disability in 
glaucoma patients having cataract surgery, 788 


Glaucoma 
The association of Fuchs’s corneal endothelial dys- 
trophy with axial hypermetropia, shallow an- 
terior chamber, and angle closure glaucoma, 

398 


Effect of a resutured iridotomy on glare disability in 
glaucoma patients having cataract surgery, 788 


The glaucoma laser trial (GLT). 2. Results of argon 
laser trabeculoplasty versus topical medicines, 
399 


The impact of intraocular pressure on visual field 
loss in primary open angle glaucoma, 666 


Long-term efficacy of primary laser trabeculo- 
plasty, 788 


Peripheral contrast sensitivity in glaucoma and oc- 
ular hypertension, 666 


xxxii AMERICAN JOURNAL OF OPHTHALMOLOGY 


Glomerulonephritis 
Subretinal neovascular membranes associated with 
chronic membranoproliferative glomerulone- 
phritis type II, 670 


Glucose 
Cerebral glucose metabolism in adults with hyper- 
activity of childhood onset, 523 


Slow glucose removal rate and hyperinsulinemia 
precede the development of type II diabetes in 
the offspring of diabetic parents, 528 


Glycine 
Visual disturbances, serum glycine levels and trans- 
urethral resection of the prostate, 267 


Guanosine monophosphate 
Nitric oxide. A novel signal transduction mecha- 
nism for transcellular communication, 535 


H 


Haemophilus sp. 

A randomized, prospective field trial of a conjugate 
vaccine in the protection of infants and young 
children against invasive Haemophilus influen- 
zae type b disease, 533 


Health care costs 
Comparison of uninsured and privately insured 
hospital patients. Condition on admission, re- 
source use, and outcome, 786 


The direct costs of universal precautions in a teach- 
ing hospital, 128 


Illness severity and costs of admissicns at teaching 
and nonteaching hospitals, 127 


Predicting the appropriate use of carotid endarter- 
ectomy, upper gastrointestinal endoscopy, and 
coronary angiography, 127 

Health care delivery 

Hispanic health in the United States. Council on 

Scientific Affairs, 786 


Incidence of adverse events and negligence in hos- 
pitalized patients. Results of the Harvard Med- 
ical Practice Study I, 785 


The nature of adverse events in hospitalized pa- 
tients. Results of the Harvard Medical Practice 
Study I, 785 


A public hospital closes. Impact on patients’ access 
to care and health status, 532 


Health insurance 
The association of payer with utilization of cardiac 
procedures in Massachusetts, 128 


Comparison of uninsured and privately insured 
hospital patients. Condition on admission, re- 
source use, and outcome, 786 


Hemianopsia 
Extrageniculate vision in hemianopic humans. Sac- 
cade inhibition by signals in the blind field, 
268 
Hepatitis 
Diclofenac-associated hepatotoxicity, 532 


JUNE, 1991 


Herbicide 
Health status of Air Force veterans occupationally 
exposed to herbicides in Vietnam. I. Physical 
health, 265 


Health status of Air Force veterans occupationally 
exposed to herbicides in Vietnam. II. Mortality, 
265 


Hernia 
The opposite pupil in herniation, 529 


Human immunodeficiency virus 
Detection of a human intracisternal A-type retro- 
viral particle antigenically related to HIV, 670 


Infection with human immunodeficiency virus 
type 1 (HIV-1) among recipients of antibody- 
positive blood donations, 400 


Risk for occupational transmission of human im- 
munodeficiency virus type 1 (HIV-1) associat- 
ed with clinical exposures. A prospective eval- 
uation, 400 


Zidovudine-induced macular edema, 789 


Hyperactivity 
Cerebral glucose metabolism in adults with hyper- 
activity of childhood onset, 528 


Hyperinsulinemia 
Slow glucose removal rate and hyperinsulinemia 
precede the development of type H diabetes in 
the offspring of diabetic parents, 528 


Hypermetropia 
The association of Fuchs’s corneal endothelial dys- 
trophy with axial hypermetropia, shallow an- 
terior chamber, and angle closure glaucoma, 
398 


A longitudinal study of children with a family his- 
tory of strabismus. Factors determining the in- 
cidence of strabismus, 397 


Hypertension 
Peripheral contrast sensitivity in glaucoma and oc- 
ular hypertension, 666 


I 


Infants 
Multicenter trial of cryotherapy for retinopathy of 
prematurity. One-year outcome. Structure and 
function, 402 


Ophthalmic complications of amniocentesis, 790 


Injuries 
Sports-related ocular trauma, 398 
Internal medicine 


How satisfying is the practice of internal medicine? 
A national survey, 784 


Intraocular lens 
Displacement of bag-placed hydrogel lenses into 
the vitreous following neodymium:YAG laser 
capsulotomy, 124 


Visual results and complications of transsclerally 
sutured intraocular lenses in penetrating kera- 
toplasty, 124 


Vol. 111, No. 6 


Intraocular pressure 
The impact of intraocular pressure on visual field 
loss in primary open angle glaucoma, 666 


Iridotomy 
Effect of a resutured iridotomy on glare disability in 
glaucoma patients having cataract surgery, 788 


Ischemia 
Carotid endarterectomy for chronic retinal isch- 
emia, 784 


European stroke prevention study, 396 


Regional myocardial metabolism of high-energy 
phosphates during isometric exercise in pa- 
tients with coronary artery disease, 535 


Scatter photocoagulation restores tissue hypoxia in 
experimental vasoproliferative microangio- 
pathy in miniature pigs, 403 


Ivermectin 
Impact of mass treatment of onchocerciasis with 
ivermectin on the transmission of infection, 
267 


L 


Lacrimal apparatus 
Staining of the conjunctiva and conjunctival tear 
film, 129 


Laser 
Displacement of bag-placed hydrogel lenses into 
the vitreous following neodymium:YAG laser 
capsulotomy, 124 


Fifteen-year argon laser and xenon photocoagula- 
tion results of Bascom Palmer Eye Institute’s 
patients participating in the Diabetic Retinopa- 
thy Study, 789 

The glaucoma laser trial (GLT). 2. Results of argon 
laser trabeculoplasty versus topical medicines, 
399 


Laser-induced occlusion of corneal blood vessels 
with variable emission and absorption, 399 


Long-term efficacy of primary laser trabeculo- 
plasty, 788 


Quantitative analysis of retinal hemodynamics us- 
ing targeted dye delivery, 533 


Scatter photocoagulation restores tissue hypoxia in 
experimental vasoproliferative microangio- 
pathy in miniature pigs, 403 

Subconjunctival THC:YAG laser limbal scleros- 
tomy ab externo in the rabbit, 125 


Lens 
Biometry of the crystalline lens in early-onset dia- 
betes, 398 


The human lens after 48 weeks of treatment with 
lovastatin, 125 


Precapsular film on the aging human lens. Precur- 
sor of pseudoexfoliation?, 664 


Leukemia 
Overall mortality and cancer mortality around 
French nuclear sites, 401 


ABSTRACT INDEX xxxiii 


pie 
juke 
pete 


Lovastatin re 
The human lens after 48 weeks of treatment with .. 


lovastatin, 125 es 


M 


Macula w 
Hematogenous photosensitization. A mechanism. _ 
for the development of age-related macular de- 
generation, 266 a 


Relationship of drusen and abnormalities of the 


retinal pigment epithelium to the prognosis of x 

neovascular macular degeneration, 403 on 
Risk of developing a macular hole, 129 
Zidovudine-induced macular edema, 789 


Macular degeneration i 
Hematogenous photosensitization. A mechanism ` 


for the development of age-related macularde- 


generation, 266 a 
Relationship of drusen and abnormalities of the 

retinal pigment epithelium to the prognosis of 

neovascular macular degeneration, 403 


Second eye involvement in age-related macular de- 
generation. A four-year prospective study, 783 


Visual impairment in a rural Appalachian commu- 
nity. Prevalence and causes, 400 


Magnetic resonance imaging 
Clinical and magnetic resonance imaging in optic 
neuritis, 783 


Regional myocardial metabolism of high-energy 
phosphates during isometric exercise in pa- 
tients with coronary artery disease, 535 


Medical economics 
Attitudes of internal medicine faculty and residents 
toward professional interaction with pharma- 
ceutical sales representatives, 128 


Medical education 
The status of women at one academic medical cen- 
ter. Breaking through the glass ceiling, 265 


Medical journals 
Loose connections between peer-reviewed clinical 
journals and clinical practice, 401 


Medical legislation 
The orphan drug act. The first 7 years, 786 


Medical malpractice 
Medical malpractice—the Canadian experience, 
784 


Medicare 
Predicting the appropriate use of carotid endarter- 
ectomy, upper gastrointestinal endoscopy, and 
coronary angiography, 127 


Methyl isocyanate 
Delayed eye and other consequences from exposure 
to methyl isocyanate. 93% follow up of exposed 
and unexposed cohorts in Bhopal, 130 


Microcephaly Te ost 
Vision despite tomographic absence of the occipital 
cortex, 529 


XXXIV | AMERICAN JOURNAL OF OPHTHALMOLOGY 


Multiple sclerosis 
Clinical and magnetic resonance imaging in optic 
neuritis, 783 


Myasthenia gravis 
Why are eye muscles frequently invoived in myas- 
thenia gravis?, 529 


Mydriasis 
Time course of thymoxamine reversal of phenyl- 
ephrine-induced mydriasis, 668 


N 


Neoplasia 
Paraneoplastic pemphigus. An autoimmune muco- 
cutaneous disease associated with neoplasia, 

668 


Neovascularization 
Laser-induced occlusion of corneal blood vessels 
with variable emission and absorption, 399 


Relationship of drusen and abnormalities of the 
retinal pigment epithelium to the prognosis of 
neovascular macular degeneration, 403 


Subretinal neovascular membranes associated with 
chronic membranoproliferative glomerulone- 
phritis type II, 670 


Synthetic analogues of fumagillin that inhibit an- 
giogenesis and suppress tumor growth, 534 


Nicotine 
Ending smoking at The Johns Hopkins Medical In- 
stitutions. An evaluation of smoking preva- 
lence and indoor air pollution, 127 


Nitric oxide 
Nitric oxide. A novel signal transduction mecha- 
nism for transcellular communication, 535 


Nystagmus 
Head shaking by visually impaired children. A vol- 
untary neurovisual adaptation which can be 
confused with spasmus nutans, 787 


Nystatin 
A randomized, double-blind trial of nystatin thera- 
py for the candidiasis hypersensitivity syn- 
drome, 667 


O 


Onchocerciasis 
Impact of mass treatment of onchocerciasis with 
ivermectin on the transmission of infection, 
267 


Open-angle glaucoma 
The glaucoma laser trial (GLT). 2. Results of argon 
laser trabeculoplasty versus topical medicines, 
399 


The impact of intraocular pressure cn visual field 
loss in primary open angle glaucoma, 666 


Peripheral contrast sensitivity in glaucoma and oc- 
ular hypertension, 666 


JUNE, 1991 


Ophthalmopathy 
Significance of cytotoxic eye muscle antibodies in 
patients with thyroid-associated ophthalmopa- 
thy, 669 
Optic neuritis 
Clinical and magnetic resonance imaging in optic 
neuritis, 783 


Orbit 
Force necessary to fracture the orbital floor, 665 
P 
Paget's disease 


Prevalence of angioid streaks and other ocular com- 
plications of Paget's disease of bone, 398 


Pancreas 
Induction of donor-specific unresponsiveness by 
intrathymic islet transplantation, 264 


Parkinson's disease 
Reversal of experimental parkinsonism by lesions 
of the subthalamic nucleus, 126 
Pemphigus 
Paraneoplastic pemphigus. An autoimmune muco- 
cutaneous disease associated with neoplasia, 
668 


Penetrating keratoplasty 
Visual results and complications of transsclerally 
sutured intraocular lenses in penetrating kera- 
toplasty, 124 


Phenylephrine 
Time course of thymoxamine reversal of phenyl- 
ephrine-induced mydriasis, 668 


Photocoagulation 
Central visual field changes after panretinal photo- 
coagulation in proliferative diabetic retinopa- 
thy, 261 


Fifteen-year argon laser and xenon photocoagula- 
tion results of Bascom Palmer Eye Institute’s 
patients participating in the Diabetic Retinopa- 
thy Study, 789 


Scatter photocoagulation restores tissue hypoxia in 
experimental vasoproliferative microangio- 
pathy in miniature pigs, 403 

Photopheresis 

Extracorporeal photopheresis in the treatment of 

AIDS-related complex. A pilot study, 396 


Photoreceptor 
Photoreceptor degeneration in inherited retinal 
dystrophy delayed by basic fibroblast growth 
factor, 266 


Pneumocystis sp. 

A controlled trial of early adjunctive treatment with 
corticosteroids for Pneumocystis carinii pneumo- 
nia in the acquired immunodeficiency syn- 
drome, 531 

Pregnancy 

Maternal outcome after open fetal surgery. A re- 
view of the first 17 human cases, 787 

What is known about the prevention of congenital 
toxoplasmosis?, 396 


Vol. 111, No. 6 


Prostate 
Visual disturbances, serum glycine levels and trans- 
urethral resection of the prostate, 267 
Pseudoexfoliation syndrome 
Precapsular film on the aging human lens. Precur- 
sor of pseudoexfoliation?, 664 
Pseudomonas sp. 
Contact lens surface deposits increase the adhesion 
of Pseudomonas aeruginosa, 262 
Pupil 
The opposite pupil in herniation, 529 


R 


Retina 
Carotid endarterectomy for chronic retinal isch- 
emia, 784 
Central nervous system involvement in Von Hip- 
pel-Lindau disease, 783 
Photoreceptor degeneration in inherited retinal 
dystrophy delayed by basic fibroblast growth 
factor, 266 
Quantitative analysis of retinal hemodynamics us- 
ing targeted dye delivery, 533 
Retinal degeneration in the rd mouse is caused by a 
defect in the 8 subunit of rod cGMP-phospho- 
diesterase, 124 
Scatter photocoagulation restores tissue hypoxia in 
experimental vasoproliferative microangio- 
pathy in miniature pigs, 403 
Subretinal neovascular membranes associated with 
chronic membranoproliferative glomerulone- 
phritis type II, 670 
Retinal pigment epithelium 
Relationship of drusen and abnormalities of the 
retinal pigment epithelium to the prognosis of 
neovascular macular degeneration, 403 
Retinitis pigmentosa 
Long-term effect of acetazolamide in a patient with 
retinitis pigmentosa, 267 
Mutations within the rhodopsin gene in patients 
with autosomal dominant retinitis pigmentosa, 
397 
Retinal degeneration in the rd mouse is caused by a 
defect in the 6 subunit of rod cGMP-phospho- 
diesterase, 124 
Retinopathy 
Central venous stasis retinopathy following the use 
of tranexamic acid, 534 
Retinopathy of prematurity 
Multicenter trial of cryotherapy for retinopathy of 
prematurity. One-year outcome. Structure and 
function, 402 
Rhodopsin 
Mutations within the rhodopsin gene in patients 
with autosomal dominant retinitis pigmentosa, 
397 


S 


Saccades 
Extrageniculate vision in hemianopic humans. Sac- 
cade inhibition by signals in the blind field, 
268 
Saccadic eye movements in essential blepharo- 
spasm, 126 


ABSTRACT INDEX XXXV 


Sclerostomy E 
Subconjunctival THC:YAG laser limbal scleros- 2 
tomy ab externo in the rabbit, 125 A 





Sjégren’s syndrome te 
Detection of a human intracisternal A-type retton 
viral particle antigenically related to HIV, 670 





Smoking a 
Ending smoking at The Johns Hopkins Medical In- 
stitutions. An evaluation of smoking preva- 

lence and indoor air pollution, 127 


Sorbinil | 
A randomized trial of sorbinil, an aldose reductase 
inhibitor, in diabetic retinopathy, 261 


Squamous cell carcinoma D 
Prevention of second primary tumors with isotre- 
tinoin in squamous-cell carcinoma of the head 

and neck, 264 ar 


Strabismus aS 
A longitudinal study of a aera based sample ` 
of astigmatic children. 1. Refraction and am- 
blyopia, 129 ce 

A longitudinal study of children with a family his- ae 
tory of strabismus. Factors determining the in- 
cidence of strabismus, 397 ne 


Stroke 
European stroke prevention study, 396 
T 
Thymoxamine 


Time course of thymoxamine reversal of phenyl- 
ephrine-induced mydriasis, 668 


Ticlopidine 
Ticlopidine treatment reduces the progression of 
nonproliferative diabetic retinopathy, 528 


Timolol 
Topical timolol decreases plasma high-density lipo- 
protein cholesterol level, 262 


Tonometry 
Tonometer utilization, accuracy, and calibration 
under field conditions, 666 


Toxoplasmosis 
What is known about the prevention of congenital 
toxoplasmosis?, 396 


Trabeculoplasty 
The glaucoma laser trial (GLT). 2. Results of argon 
laser trabeculoplasty versus topical medicines, 
399 


Long-term efficacy of primary laser trabeculo- 
plasty, 788 
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Central nervous system involvement in Von Hip- 
pel-Lindau disease, 783 


Color Doppler imaging in the management of in- 
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A mouse model of the aniridia-Wilms tumor dele- 
tion syndrome, 397 
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Prevention of second primary tumors with isotre- 
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and neck, 264 

Synthetic analogues of fumagillin that inhibit an- 
giogenesis and suppress tumor growth, 534 
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Ultrasound 
Color Doppler imaging in the management of in- 
traocular tumors, 665 


Uveitis i 
Three cases of EB virus-associated uveitis, 402 
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Vaccine 


A randomized, prospective field trial of a conjugate 
vaccine in the protection of infants and young 
children against invasive Haemephilus influen- 
zae type b disease, 533 

Vein occlusion 

Scatter photocoagulation restores tissue hypoxia in 

experimental vasoproliferative microangio- 
pathy in miniature pigs, 403 

Visual acuity 

Head shaking by visually impaired children. A vol- 
untary neurovisual adaptation which can be 
confused with spasmus nutans, 737 
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Visual disturbances, serum glycine levels and trans- 
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Visual field 
Central visual field changes after panretinal photo- 
coagulation in proliferative diabetic retinopa- 
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Extrageniculate vision in hemianopic humans. Sac- 
cade inhibition by signals in the blind field, 
268 
The impact of intraocular pressure on visual field 
loss in primary open angle glaucoma, 666 
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Epidemiologic evidence of a role for the antioxi- 
dant vitamins and carotenoids in cataract pre- . 
vention, 664 o 
A possible role for vitamins C and E in cataract 
prevention, 664 
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Risk of developing a macular hole, 129 
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Central nervous system involvement in Von Hip- 
pel-Lindau disease, 783 
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Zidovudine 
Zidovudine-induced macular edema, 789 







Superb photo quality — 


the best reason for choosin 
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Nikon’s new Fundus Camera. 


Nikon, the world’s most respected optical maker, is proud to 
present the ali new Fundus Camera NF-505. To meet the daily 
needs of eyecare professionals the world over, a whole list of 
truly useful features have been incorporated into the NF-505. 
These include: 

Extremely precise image quality «Shortened distance to the patient, yet a long 50.imm 
distance to the cornea, for easy access to the patient «Fluorescein photograph and 
widely applicable multi-band filters eProgram-auto exposure control eSmall-pupil device 
for working with 3.9mm pupil diameter eFull 11-digit ID data imprint «Brightly 
illuminated LED indications for operations in the dark *Simplified objective lens 
cleaning eThe ability to accommodate wheelchair bound patients Variable viewing 
angie (50° 30°, 20°) eFull-circle instant photography 

Easy to use, more powerful, and most important, uncompromising Nikon 
photo quality—three great reasons for choosing the all-new Nikon NF-505 
fundus camera. 
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Celluvisc 
Lubricant Ophthalmic Solution 
(Preservative-Free) 

e Normal morphology 

e Abundant microvilli 


Control 
Phosphate-Buffered Saline* 
(Preservative-Free) 

e Normal morphology 

e Abundant microvilli 


Scanning Electron Micrographs 

Of Human Corneal Epithelial Cells 
Treated With Ocular Lubricants 
For 60 Minutes (In Vitro-1000X 
Magnification. Clinical 
Significance Is Unknown)! 








ONS = 


Tears Naturale® II 

Lubricant Eye Drops 

e Compressed anterior 
cell surface 

e Sparse microvilli 

+ Some cytoplasmic pitting 


Hypolears® 
Lubricating Eye Drops 

e Prominent rounded nuclei 

e Pitted cytoplasm 

e Slight cellular retraction 

e Reduced number of microvilli 


STAGE 3 


= ALLERGAN PHARMACEUTICALS 
™ Allergan Pharmaceuticals 
A Division of Allergan, Inc. 
Irvine, CA 92713 ©1991 Allergan, Inc. 











free, thus eliminating the iatrogenic 


Anad anced formulation that may help maintain 
epithelial cell integrity. Celluvisc Solution provides 
patient comfort without compromising cell morphology, 
cell viability, or epithelial barrier function (in vitro data, 
clinical significance unknown).” 

Lactated Ringer’s solution supplements the tears’ electrolyte 
balance. The active ingredient, carboxymethylcellulose 
(CMC) 1%, has a negative charge which, e 
Celluvisc Solution’s high molecular weight, may promote 
adherence to epithelial tissue and prolong residence time. 


And, Celluvise Solution is preservative- 





effects preservatives can cause 
severe dry eye patients. 
Celluvisc Solution. 

The serious solution for 


severe dry eye associated with ocular surface disease. 


* ® 
elluvisc Lubricant Ophthalmic Solution 


Contains no preservatives or EDTA. 


IN THE SYSTEM FOR OCULAR SURFACE DISEASE” 


A Rational Plan To Manage Dry Eye Associated With Ocular Surface Disease 





WHEN SYMPTOMS ARE 








1. Data on file, Allergan, Inc. A collaborative study with M. Trousdale, Ph.D. et al at Estelle Doheny Eye Institute. 
2. Adams, JL, Wilcox MJ, Trousdale MD et al. Morphological and physiological effects of artificial tear formulations on corneal epithelial derived cells. Invest Ophthalmol 
Visual Sci 1989;30 (Suppl 3):523. 


Tears Naturale® and Hypolears® are registered trademarks of other companies. 
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